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This re-determination of the most fundamental of physical constants 
was entered upon three years ago for three reasons. 

First, in 1913 results began to be published from Vienna,' which though 
obtained by a modification of my method,’ were wholly irreconcilable 


with those which I had found; and I accordingly wished to see whether 
I could find conditions under which the method failed. 

Second, there developed a tendency, especially among British physi- 
cists, to adopt a value of e about 2% lower than that which I had ob- 
tained, and as this difference was much greater than the necessary error 
in my method I was anxious to see, by entirely new work, whether a 
numerical error could have crept into the former determination. 

Third, the electron has recently taken on added importance because 
it has been found to carry with it not merely all molecular and atomic 
magnitudes, as heretofore, but also all of the most significant of the 
radiation constants, such as Planck’s h, the Stefan-Boltzmann constant 
a, the Wien constant C2, all X-ray constants, i.e., the wave lengths of 
characteristic X-rays, etc.* It seemed worth while therefore to drive 
my method, which is certainly exceedingly exact if its validity is granted, 
to the utmost limit of its possible precision. 

The method is the same as that used in the preceding determination,‘ 
but the apparatus is new throughout and every constant entering into 
the value of e has been redetermined with increased care and precision. 
The condenser plates MW (fig. 1) consist of two optically flat brass 
surfaces 22 cm. in diameter, held apart by three small pieces of echelon 
plates about 1 cm. square and 14.9174 mm. thick placed at points 60° 

231 





232 PHYSICS: R. A. MILLIKAN 


apart about the circumference. The dimensions of the condenser 
therefore now introduce an error of no more than 1 part in 10,000. The 
oil droplets from the atomizer A blown by a puff of air through r entered 
the condenser MN through 5 minute holes 0.25 mm. in diameter in the 
middle of the upper plate and were observed by means of light from 
the arc a, filtered through a trough of water w and one of cupric chlo- 
ride d for the removal of heat rays. The temperature was held con- 
stant to within one or two hundredths of a degree by the oil-bath G. 
The charge on the drop » was changed by X-rays from the bulb X pass- 
ing through the window g. The pressure was varied from 13 cm. to 76 
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cm. and was measured to 0.1 mm. by the manometer m. The ato- 
mizer A, fed from s with the highest grade of watch-oil, density at 23°C. 
redetermined as 0.9199, was blown with carefully dried and cleaned 
air let in through the cock r, the bulbs below A being to catch excess 
oil. The observing optical system was a specially constructed tele- 
scope of 30 mm. objective and a magnification of 25 diameters. The 
distance through which the drops were timed (cross hair distance) was 
1.0220 cm. correct to 1 part in 2000. The velocities of the drops were 
measured with a most convenient and reliable printing chronograph 
made by Wm. Gaertner & Company of 5545 Lake Avenue, Chicago, 
and kindly loaned to the laboratory for this determination. It prints 
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directly the time of pushing a key, in terms of the indications of a 
standard clock, with an error which is never more than 1/100 second. 
The times of fall and rise were from 14 to 60 seconds. This makes the 
error in the mean of a series of time determinations a wholly negligible 
quantity. The electric field strengths were measured to 1 part in 3000, 
by a 750 volt Weston standard laboratory voltmeter calibrated at fre- 
quent intervals during the experiment against 3 standard Weston cells. 
The coefficient of viscosity of air was redetermined with extraordinary 
precision by Dr. E. L. Harrington who, using the constant deflection 
apparatus designed by Dr. Gilchrist and myself, succeeded in introducing 
such improvements in conditions and perfections in detail as to make 
his final value altogether unique in its reliability and precision.’ In 
view of this and other work now in progress with the same apparatus it 
is hardly possible that the correct value of » for dry air at 23°C. can be 
more than 1 part in 2000 removed from the value 0.00018227. This 
is within less than 0.1% of my former value, viz., 0.0001824.° All the 
other elements of the problem have been looked to with a care which 
is the outgrowth of six years of experience with measurements of this 
kind. 

That portion of the investigation which has had to do with the test- 
ing of the general validity of the method has been reported in detail 
elsewhere.’ Suffice it to say here that I find no indications whatever 
that, when properly used, it ever fails, or that it ever even remotely 
suggests the existence of a subelectron. 

The precision of the method is sufficiently attested by the consistency 
of the results on different drops, provided no constant error inheres in 
the measurement of the dimensions of the condenser, the volts, the time, 
or the viscosity of air. The extent of this consistency is shown in the 
figure and the table which present the observations on 25 consecutive 
drops taken with all possible precautions during a period of several 
months. The data on these drops are treated precisely in the manner 
adopted in the 1913 article. A more detailed presentation of this work 
will be published elsewhere. It will be seen from the table that the final 
mean value of e! is 61.126 x 10-*. There is but one drop in the table 
which yields a value of e! differing from this by as much as one-third of 
one per cent and the probable error of the mean computed by least squares 
is one part in 4000. This value is 0.07% higher than the value 61.086, 
which I published in 1913. Both values however are computed in terms 
of 0.0001824 as the coefficient of viscosity of air. The new value 
0.00018227 is more reliable than the old and is 0.07% lower so that 
the new value of e computed solely from the new data obtained in this re- 
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determination is exacily the same as the value published in 1913. The 
uncertainty in this value should now be no more than 1 part in 1000 
for it now contains but two factors which are uncertain by as much as 
1 part in 2000, namely the coefficient of viscosity of air and the dis- 
tance of fall of the drops (cross hair distance). The result of this final 
work on ¢ may then be stated thus: 


e = 4.774 X 107° + 0.005. 
The values of the most important radiation constants may be found 


from the value of e as follows: 
TABLE 

























































No ~ A/3 x10 | 2/3 x10 |} No. + A/3 x 108 | 2” x 108 
1 57.45 63.21 61.03 14 206.4 68 .90 61.11 
2 57.5 63.204 61.03 15 200.7 68 .97 61.39 
3 63.0 63.54 61.16 16 227.8 69.88 61.27 
4 86.7 64.27 60.97 17 262.4 70.85 60.94 
5 90.6 64.63 61.21 18 281.4 71.60 60.98 
6 101.3 65.02 61.19 19 321.4 73.34 61.20 
7 102.4 65.07 61.20 20 345.4 74.27 61.22 
8 106.3 65.13 61.11 21 359.1 74.54 60.97 
9 109.7 65.19 61.05 22 371.5 75.00 60.97 

10 107.3 65.21 61.16 23 380.6 75.62 61.24 

11 150.6 66.70 61.01 24 388.5 75.92 61.24 

12 160.1 67.12 61.07 25 438.3 77.74 61.18 

67.14 61.26 
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Mean—61 . 126. 
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Bohr’s theory® gives the constant of the Balmer series in hydrogen as 
2? em 
-—— or 
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I have directly determined h photoelectrically® with an error of no 
more than 0.5%, the value from my sodium curve coming out 6.56 X 
10-*7. Webster’s!® value found by the method discovered by Duane 
and Hunt" is 6.53 x 10-*”. From the mean of these two recent de- 
terminations of , the foregoing value of e, and e/m = 1.767 X 10’, the 
Rydberg constant is found by (1) to be 3.294 x 10. Its experimental 
value known with the great precision attained in all wave length meas- 
urements is 3.290 x 10'5. This agreement constitutes most extraordi- 
nary justification of Bohr’s equation and warrants the use of this spec- 
troscopic data, combined with the foregoing data on e for a most exact 
evaluation of 4. The value thus obtained is 


h = 6.547 X 1077 + 0.011. 
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This value should involve an uncertainty of but 1 part in 600. It will 
be seen to agree within 1 part in 500 with the value obtained directly 
from my sodium curve—a value which I estimated correct to only 1 
part in 200. 


Again the Wien constant C, of spectral radiation is given by # 


_ he _ 6.547 X 10-7 x 2.999 x 10 


Cs i 1.372 x 10-16 





= 1.4312 + .0030 cm. degrees. 


The estimated uncertainty is obtained from an uncertainty of 1 part 
in 600 for # and 1 part in 1000 or k. The latest Reichsanstalt value!* 
is C, = 1.4300, while Coblentz!* obtains from two different modes of 
approach C; = 1.4322 and 1.4369. Again from Planck’s equations 
C, = (48 rok/a), and o = ac/4 and the foregoing values of k and C2 
computed from e we obtain 


a = 5.72 X 10-* = 0.034 watt cm.~ deg.—, 


which is exactly the result recently found by Coblentz.4 
‘ A summary of the most important constants the values of which are 
fixed by the foregoing determination of e is given below with the uncer- 
tainty attaching to each. 


The Electron 

The Avogadro Constant 

Number of gas molecules per cc. at 0°C 76 cm n 
Kinetic energy of translation of a molecule at 0°C... . Eo 
Change of translational molecular energy per °C..... ¢ 
Mass of an atom of hydrogen 

Planck’s element of action 

Wien constant of spectral radiation 

Stefan-Boltzmann constant of total radiation 

Grating spacing in calcite 


4.774 = 0.005 X 10-° 
6.062 + 0.006 x 10” 

2.705 = 0.003 X 101° 

5.621 + 0.006 x 10-4 
2.058 = 0.002 x 10-* 
1.662 + 0.002 x 10-* 
6.547 = 0.013 K 10°?” 
1.4312 + 0.0030 

5.72 + 0.034 X 10-# 

3.030 + 0.001 A 


Wie Tah foe [ot ey tee a Oe 





1 Ehrenhaft, F., Ann. Physik, Leipzig, 44, 1914, (657); 46, 1915, (261); also Physik. Zs. 
Leipzig, 16, 1915, (10). 

2 Millikan, R. A., Physic. Rev., Ithaca, 32, 1911, (349-397); (Ser. 2), 2, 1913, (109-143). 

3 Millikan, R. A., Ibid., (Ser. 2), 7, 1916, (353-388); and Webster, D. B., (607). 

4 Millikan, R. A., [bid., (Ser. 2); 2, 1913, (109-143). 

5 Harrington, E. L., Ibid., (Ser. 2), December, 1916. 

6 Millikan, R. A., Ann. Physik., Leipzig, 41, 1913, (759). 

7 Millikan, R. A., Physic. Rev., Ithaca, December, 1916. 

8 Millikan, R. A., Ibid., (Ser. 2), 7, 1916, (374). 

® Bohr, N., Phil. Mag., London, 26, 1913, (1). 

10 Webster, Physic. Rev., Ithaca, (Ser. 2), 1916, (599). 

1 Duane, and Hunt, Jbid., 6, 1915, (166). 

12 Millikan, R. A., [bid., 2, 1913, (142). 

18 Mueller, Warburg, et al., Ann. Physik., Leipzig, 48, 1915, (430). 

4 Coblentz, Physic. Rev., Ithaca, (Ser. 2), 7, 1916, (694). 

% Webster, D. B., Ibid., 7, 1916, (607). 





GENETICS: HARRIS, BLAKESLEE AND WARNER 237 


BODY PIGMENTATION AND EGG PRODUCTION IN THE FOWL 


By J. Arthur Harris, A. F. Blakeslee, and D. E. Warner 


STATION FOR EXPERIMENTAL EVOLUTION, COLD SPRING HARBOR, NEW YORK 
Communicated by C. B. Davenport, January 10, 1917 


The recognition by both plant and animal breeders of the great 
economic value of any character by which superior individuals might 
be indirectly selected has been father to a widespread conviction that 
such characters actually exist. 

In the main, beliefs concerning distinctive structural peculiarities of 
the heavier yielding cereals, the bodily dimensious or proportions of 
the best dairy animals, and the criteria by which the most prolific 
layers may be selected from the flock without recourse to trap nesting, 
rest solely on personal experience and judgment, instead of upon meas- 
urements and correlations. They have, therefore, little scientific value. 

The quantitative work which has been done on both animals and 
plants indicates that for the most part there is little prospect of the 
selection of the economically important characters of yield in plants, 
milk production in cattle or fecundity in poultry on the basis of struc- 
tural characters unimportant as such but correlated with economically 
important physiological characters. 

In certain cases, the relationship between two physiological charac- 
ters, one with and the other without economic value, may be much 
more intimate. The measurements of the correlations may then be 
not merely of theoretical interest to the physiologist but of very real 
economic significance. 

The relationship between the intensity of yellow somatic pigmenta- 
tion and egg production in antecedent periods of time may serve as an 
illustration of such characters. 

Working on two years data covering trap nesting records for 309 
and 375 White Leghorn birds respectively, we find the following results 
for the correlation between the percentage of yellow pigment in the ear 
lobe! and total egg production for the preceding year?: 


For 1913-1914, r,, = —0.5816 + 0.0253 
For 1914-1915, ryg = —0.5271 + 0.0252 
Difference 0.0545 + 0.0358 


Within the limits of the probable errors of random sampling, the results 
for the two years may be considered identical. 

Expressing the relationship in terms of straight line prediction equa- 
tions, represented graphically in Figure 1, we find:— 






















lobes. 


For 1913-1914, E = 204.754 — 1.459 y, 
For 1914-1915, E = 212.058 — 1.416 y, 


where E = total eggs laid per year and y = per cent yellow in ear 
Since yellow has been recorded in units of 5% range, the actual 
difference in egg production associated with a difference of one work- 
ing unit in pigmentation is about seven eggs. 
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The practical significance of the differences in egg production indi- 
cated by this equation may be most readily seen from a little table 
showing the actual mean annual egg production of the birds grouped in 
classes of 15% range in ear lobe pigmentation. 

































1913-1914 1914-1915 
PER CENT YELLOW 
DEEN | Number of birds | Mesnnumberof | Number of birds | Mean —* 
10-20 83 187.0 81 185.1 
25-35 67 148.2 72 172.2 
40-50 111 136.7 119 148.4 
55-65 46 132.1 90 126.9 
70-80 2 76.5 13 111.5 











It is clear that by selecting, in October, birds with 10 to 20% yellow 
it is possible to obtain a group which have averaged over 30 eggs more 
than the flock as a whole and over 50 eggs above the average of the 
class with 55 to 65% yellow. -These differences are not merely very 
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great indeed, but the number of birds included in the heavy laying 
class is sufficiently large for practical selection operations. 

The correlations for October pigmentation and egg production for 
the individual months, represented in Figure 2, are without excep- 
tion negative in sign. The agreement between the results for the two 
years is very close indeed.’ 
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Thus there is not merely a strong negative correlation between the 
October ear lobe pigmentation and the egg production of the year as a 
whole, but there is a negative correlation between October ear lobe pig- 
mentation and the egg records of each of the preceding twelve months. 

The simplest physiological hypothesis to explain the demonstrated 
negative correlation between egg production and intensity of pigmen- 
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tation is that the egg yolk in its growth abstracts fat-soluble pigment 
from the food, thus precluding its localization in the body tissues, or 
that it actually withdraws the pigment from the tissues. 

This view is supported by a number of lines of evidence. First, the 
correlation between October pigmentation and the egg production of 
the preceding months decreases (but, as is shown in Figure 2, not 
regularly) as the time at which egg production is measured becomes 
more distant from that at which the measurement of pigmentation was 
taken. 

Again, in comparing pigmentation as measured in October of the 
second year with egg production in November of the pullet year, it is 
found that pigmentation.decreases but slightly and irregularly, though 
apparently in a linear manner, with increasing egg production. In 

comparing October pigmentation with Octo- 

\ ber egg production of the same (second) year, 
one notes that pigmentation decreases very 
rapidly as one passes from birds which have 
laid no eggs to those which have laid 1, 2, 3 
or more eggs, but that this decrease soon falls 
off so that birds which have laid over 6 or 7 
eggs are apparently sensibly alike in the 
amount of yellow which they exhibit.‘ 

The same point may be brought out if a 
series of measurements be arranged to show 
the percentage of birds of various pigmenta- 

11 Dmotuo soe tion classes which are ‘laying’ or ‘not lay- 
pareve op a ing’ at the time the color determinations were 
made.’ As shown in Figure 3 the percentage 
of the birds which are laying falls precipitously from 87.8% among those 
showing only 6 to 10% yellow (centered at 8% yellow) to practically 
zero for all grades of yellow above 30%. The average number of days 
since laying represented by the heavy line in Figure 3, is also a val- 
uable indication of the direct relationship between egg production and 
pigmentation. Beginning with an average of only 0.4 day since lay- 
ing in the 6 to 10% color class, the average length of time since laying 
increases rapidly from birds with smaller to those with larger amounts 
of yellow pigment. 

Finally, the problem may be approached statistically as follows: 

If the relationship between percentage of yellow and egg production 
be chiefly of a physiological nature, it is quite conceivable that the 
correlations between the October percentage of yellow and egg produc- 
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tion during the earlier months of the experiment may be largely the re- 
sultant of other interrelationships. Consider this possibility in detail. 

Let Tye, Tye) Tye + + + Tye, be the correlations between percent yel- 
low in the twelfth month of the contest and egg production in the first, 
second, third . . . twelfth months respectively. Further let ree, re 


Yee, - - + Yee, be the correlations between October and November, Octo- 
ber and December, October and January . . . October and September 
egg productions. These constants have been shown to be positive 
throughout, indicating that birds excelling in egg production in October 
gave on an average higher productions in every other month of the year. 

The application of the well known partial correlation formula for 


one variable, ¢::, constant results in very material reductions in the 


values of Tye, Tye) Tye - + + Tye, Thus the values of fye,, Tye, Tye, - - - 
rye, Must be in large part the resultants of 7¢,¢ and Tye, fee, aNd Tye,,, 
Yee, ANd Tye, . « - Tee, ANA Tye,,. 


A discussion .of the biological and biochemical literature, and a de- 
tailed statistical treatment of the data are appearing in Genetics, 1917. 


1 Ear lobe color has been measured in units of 5% range by means of the color top. Only 
yellow and white sectors were used. 

2 All birds entered the international Egg Laying Competition at Storrs, Connecticut, 
in November of their pullet year, and remained until the end of October of the following 
year. Pigment determinations were made near the end of October. 

3 When the constants for the comparable months in the two years are considered in 
comparison with their probable errors, there is not a single difference which can be considered 
significant. 

4 The biological inference to be drawn from this result would seem to be that the egg 
production of a recent period influences very profoundly the concentration of yellow pig- 
ment, so that there is a very rapid decrease in yellow pigment for each additional egg laid 
up to a certain point, beyond which the body pigment is relatively little reduced by extra 
egg production. Thus for October, the change in pigmentation is to be described by a curve, 
not by the slope of a straight line. The change in pigmentation is not proportional to egg 
production, but at first is very rapid and then falls off. 

5 In collecting these data a bird which laid on the day the pigment determination was 
made or on a later day within the month was considered to be laying, and was recorded in the 
zero class, 7. ¢., no days since laying. If she laid on the day before the record was taken 
but not later she is recorded as one day since laying, and so on. 


VARIABILITY OF GERM CELLS OF SEA URCHINS 


By A. J. Goldfarb 


COLLEGE OF THE CITY OF NEW YORK, AND DEPARTMENT OF MARINE BIOLOGY, CARNEGIE 
INSTITUTE OF WASHINGTON 


Communicated by A. G. Mayer, February 6, 1917 


As a basis for an understanding of the changes in aging germ cells, 
it was necessary first to ascertain the normal variability, i.e., the varia- 
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bility of eggs and sperm removed immediately after receiving the freshly 
collected sea urchins. For this purpose three different species of sea 
urchin were studied, namely, Toxopneustes and Hipponoé, of the shal- 
low tropical waters of the Dry Tortugas, Florida, and Arbacia of the 
deeper colder waters of Woods Hole, Mass. 

To obtain optimum conditions as nearly uniform as possible, pre- 
liminary experiments were made with each species. These experi- 
ments established the optimum concentration of fresh eggs and of fresh 
sperm for a given surface and volume of filtered sea water. For ex- 
ample about 800 eggs in 10 cc. of sea water, in Syracuse dishes, with 
0.05% sperm, with care exercised to avoid evaporation, gave optimum 
results with Toxopneustes.and Arbacia. For Hipponoé the same condi- 
tions sufficed except that much greater concentration of sperm was 
needed. 

Having ascertained the optimum and constant conditions it was found 
that the remaining variability was in large measure a function of the 
particular male and female used. If cleavage be used as a measure 
of variability and if the eggs of a female be fertilized by different males, 
widely varying percentages of cleavage occurred. The female whose 
eggs gave the highest percent of cleavage by one male, usually gave 
the highest percent by other males, though the absolute percentage 
differed considerably. And vice versa a low cleavage female usually 
gave low cleavage by other males. A few experiments are cited to 
show some of the details (table 1). 

With these facts in mind a detailed study of certain variations were 
made as follows: (a) variations in size and shape of the eggs; (b) varia- 
tion in the jelly layer of eggs; (c) variation in membrane formation; 
(d) variation in cleavage. 

(a) Eggs of a considerable number of females of each species were 
carefully measured. The eggs of some females varied little from the 
norm, others varied much, usually by enlargement. One set of read- 
ings of two females collected and prepared at the same time is given 
below. 








Ocular readings of diameter of eggs 
Q 21 20.5 20 19.5 19 18.5 
1 0 0 0 0 33% 67% 
2 8% 24% 48% 24% 0 0 


Female number 1, varied but little from the norm (19); female num- 
ber 2 showed considerable enlargement, and variability. Eggs normal 
or nearly normal in size tended to be all or nearly all globular, eggs 
showing considerable variation tended to be elliptical. 
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(b) The number of eggs with intact jelly layer also varied in the dif- 
ferent females. Some females contained eggs, nearly 100% of which 
possessed the jelly layer, others as low as 40%, etc. Such reduction 
was correlated with an increase in size, and an increase in the number 
of elliptical eggs. 


TABLE 1 TABLE 2 


THE VARIATION IN CLEAVAGE WITH DiIF- To ILLUSTRATE THE RANGE 
FERENT MALES OR FEMALES OF VARIABILITY IN RATE 
Toxopneustes OF MEMBRANE FORMATION 

IN FresH Germ CELLS 








Prod NUMBER OF 
MINUTES RE- 
one NUMBER OF Gia den 
AGE ||Females| Males FIRST MEMBRANE 
Females| Males TO APPEAR 




















34 
71 1 1 6 
16 2 1 4 
3 1 4 
24 
24 2 
1} 
1} 
1} 





Xx 








34 1 99 23 
71 25 24 
16 57 x 
Xx 
24 83 23 
24 64 

9 30 X Signifies that no mem- 
brane formed in ten minutes. 











20 98 
95 93 
33 50 























(c) The rate of membrane formation also varied in different females. 
In some, the eggs formed membranes within two minutes, in others 
three to ten minutes, in others not at all. Rapid membrane formation 
was correlated with slight variability in size, globular shape of eggs, and 
high percent of jelly layers; slow membrane formation with the reverse 
conditions. A few examples are cited to illustrate this type of variation, 
in the eggs of different females fertilized by the same males (table 2). 
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(d) The rate of early cleavage (first and second) and the total cleav- 
age showed even greater variations, from compléte or almost complete 
sterility to 100%. High percent cleavage was correlated with little 
variation in size, globular shape, high percent jelly layer, and rapid 
membrane formation. The reverse conditions were associated with 
low cleavage. In these ways one may separate the so-called ‘good’ 
from ‘bad’ eggs, which morphologically are indistinguishable. A single 
example of ‘good’ and ‘bad’ females are given below: 





NUMBER OF FEMALE 





2 3 7 5 





Toxopneustes... . . y 83 | 98 99 
76 | 18 14 40 


97 | 83 
54 | 59 47 


100 | 100 
99 98 | 97 97 98 
81 58 1 77 91 



































The amazingly large variability in these fresh germ cells finds its 
explanation in the following facts: (1) There is a primary small vari- 
ation in fresh eggs of any female. (2) Eggs do not all ripen at the same 
time but at different intervals, within the body of the female. (3) 
Injurious changes occur in the eggs from the moment they ripen. (4) 
The time of elapsing between maturation and removal from the body 
may be different for different females, and therefore the intensity of 
the changes will be different for different females. (5) Sea water is 
also slightly injurious to ripe eggs, and the already different physiologic 
condition of the eggs is further heightened by the differential effect of 
the sea water. 

Eggs removed from different females at the same time though of the 
same chronologic age are nevertheless rarely in the same physiologic 
condition. In order to determine their physiologic state and there- 
fore, in order to separate the eggs according to their physiologic condi- 
tion, it becomes necessary to ascertain in the manner just described 
the degree of variation of size, of jelly, and better still of membrane 
formation, and still better of cleavage, as well as by other means. 

It becomes highly probable in view of these facts that the varying 
behavior of the eggs in the experiments of J. Loeb, F. Lillie, R. Lillie, 
Wasteneys and others was due in large part to a variation in the physi- 
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ologic conditions of the eggs which these investigators used. These 
variations have now been adequately described and measured, and 
correlated with physiologic condition of the eggs. For experimental 
work it is absolutely necessary to determine in advance the exact physi- 
ologic condition of the eggs, and to use only such, as are nearly in the 
same condition. We may then hope to obtain more constant and pre- 
dictable results. 

A full account of these experiments will appear in the forthcoming 
volume of the Researches of the Marine Biological Laboratory of the 
Carnegie Institution of Washington. 


TRANSPLANTATION OF LIMBS 


By Ross G. Harrison 


OSBORN ZOOLOGICAL LABORATORY, YALE UNIVERSITY 
Read before the Academy, November 14, 1916 


The specificity of the tissue of the limb bud in the amphibian em- 
bryo has been clearly shown by Braus,! who found that when trans- 
planted to any part of the body it would develop into a normal append- 
age. Since then evidence has accumulated? to show that the limb 
rudiment, and more especially its mesoderm, constitutes an equipoten- 
tial system. Legs are, nevertheless, rights or lefts and, having no 
plane or axis of symmetry, the leg of one side of the body cannot be 
superimposed upon that of the other. In the early embryonic condi- 
tion, however, there is no visible evidence of laterality, and the ques- 
tion arises when and how this property is determined. Experiments 
made during the past year have rendered it possible to state more sim- 
ply than before‘ the rules that govern its determination. 

All of the experiments here considered were made with the fore limb 
of Amblystoma punctatum under precautions necessary to prevent 
regeneration from the host.? In grafting the limb buds three different 
circumstances relating to their position in the embryo were taken into 
account—location, laterality and orientation (fig. 1). First, the limb 
buds were placed either in their natural location in another embryo 
after removal of the normal bud (orthotopic transplantation) or else 
in some other region of the body, preferably on the flank of the em- 
bryo between the normal fore and hind limbs (heterotopic transplanta- 
tion). Secondly, some were grafted on the same side of the body as 
that from which they were taken (homopleural) and others on the op- 
posite side (heteropleural). Thirdly, they were placed either in up- 
right position, with the dorsal border of the transplanted disc corre- 
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sponding to the dorsal border of the wound (dorso-dorsal), or in the 
inverted position with the ventral border of the disc at the dorsal bor- 
der of the wound (dorso-ventral). There were thus eight different pos- 
sible combinations, all of which were tried in numerous individual 
cases. Intermediate positions have not yet been experimented with. 
When the limb bud of one side is implanted on the other, it is obviously 
impossible to place it in a normal posture, for when the dorsal and 








D D D D 
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FIG. 1. 


Diagram showing the eight different operations. The outline of an Amblystoma em- 
bryo in the operating stage is shown above. The circles within it represent the limb bud, 
in the normal (orthotopic) and the abnormal (heterotopic) location. The four circles be- 
low represent the four different ways in which limb buds may be oriented with reference 
to the cardinal points of the embryo; the letters (d, dorsal; », ventral; a, anterior; and 9, 
posterior) within the circles designate the original cardinal points of the transplanted limb, 
those outside the corresponding points of the embryo. The operations are represented 
to be on the right side. R, right limb bud; L, left limb bud; hom., homopleural; hei., 
heteropleural. 





ventral borders correspond respectively the anterior and posterior bor- 
ders are interchanged and vice versa. Eight further combinations are 
formally possible by interchange of internal (medial) and external 
(lateral) surfaces, though they are impracticable, because the meso- 
derm would thereby be placed on the outside. 

The experiments confirm previous ones in showing that the limb bud 
is a self differentiating body, in so far as it may produce a fore limb 
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wherever or in whatever position implanted, but they also show that 
its laterality may be affected by its new surroundings. There are many 
instances o imperfect development, and of total absorption of the trans- 
planted tissue, especially in the case of the heterotopic transplantations. 
Also, as has been observed before (Braus,5 Harrison,*) supernumerary 
appendages often arise after transplantation, just as in regenerating 
limbs under certain conditions (Tornier,’ Della Valle.)® 

In the orthotopic operations the transplanted limb, whatever its 
form, usually becomes functional, while in the heterotopic this is rarely 
the case and the function is never perfect. Functional activity, to- 
gether with the superior potency of the norma surroundings in influ- 
encing the development of the limb, renders the results of orthotopic 
transplantation, in so far as they bear on the problem of laterality, 
more complicated and difficult to interpret than the heterotopic. Never- 
theless the following fundamenta’ rules underlie the Gotermninatren of 
laterality in both cases. 

Rule 1. A bud that is not inverted (dorso-dorsal) retains its original 
laterality whether implanted on the same or on the opposite side of 
the body. 

Rule 2, An inverted bud (dorso-ventral) has its laterality reversed 
whether implanted on the same or on the opposite side. 

Rule 3. When double or twin limbs arise the original one (the one 
first to begin its development) has its laterality fixed in accordance 
with the above rules, while the other is the mirror image of the first. 

In the heterotopic transplantations the tissue is very often resorbed 
or the appendages which arise are rudimentary or imperfect (56%). 
Probably vascularization is not so good and innervation is incomplete. 
Reduplications were produced in all of the four combinations. 

In the orthotopic transplantations only about 18% of the limbs 
were rudimentary or imperfect, the rest being either fully developed 
reduplications or normal limbs. Double limbs were obtained frequently 
in two of the combinations (heteropleural dorso-dorsal and homopleural 
dorso-ventral) and were very rare in the other two. Other modifica- 
tions also occurred. The results were as follows: 

1. Homopleural dorso-dorsal grafts developed normally though at 
first very slightly retarded. Rule 1; 6 cases (100%).° 

2. Homopleural dorso-ventral grafts resulted in (a) A single limb of 
reversed ‘laterality (a structurally and functionally perfect right limb 
on the left side). Rule 2; one case only (4.3%). (6) Reduplicated 
limbs. Rule 3; 16 cases (69.6%). (c) Typical non reversed limbs 
which began their development by growing in an abnormal direction, 
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but ultimately assumed normal posture by rotation. 6 cases (26%). 
The latter, which constitute the only exception to the rules, require 
further investigation. 

3. Heteropleural dorso-dorsal transplantations yielded: (a) Single 
non reversed limbs. Rule 1; one case only, and that not perfect (3%). 


Diagram showing the results of the four operations, heterotopic or orthotopic, repre- 
sented as on the right side of the embryo. The circles indicate the transplanted limb buds, 
the letters having the same significance as in figure 1. Thus the two upper figures in the 
diagram represent homopleural, and the two lower ones heteropleural transplantations. 
The two on the left show the transplanted bud in upright (dorso-dorsal) orientation while 
the two on the left are inverted (dorso-ventral). The limbs which develop are shown in pro- 
file, the ulnar border being uppermost (dorsal) in all which actually develop. A heavy out- 
line indicates the primary member, a light outline the reduplicating one. It is to be noted, 
however, that the latter develop in by no means all cases while the former may be resorbed 
in the heteropleural dorso-ventral combination leaving only the reduplicating member pres- 
ent. The broken outlines show the posture that the limb would have assumed, had it de- 
veloped as a self differentiating member totally independent of the influence of its 
surroundings. 


(6) Reduplicated limbs, in which the secondary member, being re- 
versed, has the laterality of its new surroundings. Rule 3; 26 cases 
(78.8%). (c) Cases similar to the above (0) in their early develop- 
ment but differing later in that the reduplicating bud gained the upper 
hand and developed into a normal functioning limb of reversed laterality 
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(corresponding to its new surroundings); at the same time the original 
bud became reduced to a small spur or appendage upon the other. 
Rule 3 modified; 6 cases (18.2%). 

4. Heteropleural dorso-ventral transplantations developed into: (a) 
Single limbs of reversed laterality somewhat retarded in their develop- 
ment. Rule 2; 17 cases (94.4%). (b) Duplicate limbs. Rule 3; a 
single case only (5.5%). 

The results of the experiments are summed up in diagrammatic 
form in figure 2. The ulnar border of the limb is at first always dor- 
sal slightly inclined to medial, as in the normal appendage, while the 
palmar surface is medial slightly inclined to ventral, but the limb may 
point in either an anterior or a posterior direction. Bending of the 
elbow or rotation from the shoulder joint may of course modify the 
positions later in development. The reversal of laterality which takes 
place is as if the limbs were mirrored in either one of two planes, one of 
which is horizontal and the other vertical with respect to the main 
axis of the embryo. When the reversal takes place across the former 
plane it is complete and no reduplication occurs. It is accomplished 
immediately or at least very early in development, so that there is little 
or no outward sign of disturbance and development is but slightly re- 
tarded. This plane may be called the primary one. It comes into 
play when the dorso-ventral axis of the transplanted bud is inverted. 
When mirroring takes place in the vertical plane, which may be called 
the secondary one, actual reduplications are found. This occurs in 
those combinations in which the dorso-ventral axis of the disc is not 
inverted and it may also occur secondarily following reversal across 
the primary plane as just described. The twinning of the appendages 
may, however, be masked, at least in orthotopic transplantations, 
through the absorption of the original (primary) limb bud (3 c). 

The relations of the duplicate limbs change considerably during 
development, and their definitive position is subject to considerable 
variation. There may be further reduplication, so that more or less 
complete triple limbs may result. The three limbs then have approxi- 
mately the same relations as found by Bateson," especially in arthropods. 

In two of the combinations the limbs that develop are in normal orien- 
tation with respect to the cardinal points of the embryo. One of these 
(hom. dd.) is when the graft is placed in the original normal posture, 
the other (het. dv.) when it is placed upside down on the opposite side 
of the body. These combinations may be termed harmonic. The 
other two combinations, the simply inverted bud (hom. dv.) and the 
bud planted on the opposite side of the body in upright position (het. 
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dd.), result primarily in limbs that are not normally placed in relation 
to the cardinal points of the embryo, and may be termed disharmonic. 

In comparing the distribution of single and reduplicated appendages 
in the various groups a remarkable result becomes apparent. In the 
heterotopic group, where function is excluded, the harmonic combina- 
tions yield a relatively large proportion of reduplications (about 54%), 
while the disharmonic combinations yield a far greater proportion of 
single limbs (about 87%). In the orthotopic group, on the other hand, 
the harmonic combinations yield in overwhelming proportion (96%) 
single limbs which are functional and perfectly normal with respect 
to their surroundings, while the disharmonic combinations yield about 
96% of reduplications. ° 

Experiments with superimposed limb buds and with transplanted 
half-buds confirm the above results. The harmonic combinations 
yield single limbs while the disharmonic combinations result in re- 
duplications. 

All double formations do not remain as such, however, for it is possible 
to achieve a normal result from at least one of the disharmonic com- 
binations (het. dd.) by the reduction of the original limb of the pair and 
the preponderance of the other, which then becomes a normal single limb 
of reversed laterality (3c) corresponding, therefore, to the laterality of its 
new surroundings. On the other hand, in the only case in which a single 
normal limb of opposite laterality (2a) developed in the orthotopic 
position, it functioned perfectly. This shows that when innervation 
and vascularization are sufficient, a functional condition may arise 
which is independent of the harmony of the combination. 

It would be premature to discuss the bearing of the experiments upon 
the question of adaptation. It may be pointed out, however, that the 
fundamental rules of laterality, as stated above, lead as often to dis- 
harmonic as to harmonic results. On the other hand the secondary 
factors, especially those which determine whether a reduplicated or a 
single appendage shall arise and those which lead to the resorption of 
one of the two members of a pair, show a tendency to produce a pre- 
ponderance of adaptive results. To determine the exact nature of these 
factors will require further investigation, pending which it seems un- 
wise to appeal to mysticism for the explanation. 


1 Braus, H., Miinchener med. Wochenschr, 1903. 

? Harrison, R. G., these Procerepincs, 1, 1915. 

8 The shoulder girdle rudiment is itself such a system according to Braus, Experimentelle 
Betirage zur Morphologie, 1, 1909 (400). Also Morph. Jahrb., Leipzig, 39, (271). 
‘Harrison, R. G., Anat. Rec., Philadelphia, 10, 1916. 
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5 Braus, H., Anat. Anz., Jena, 26, 1905, (461). 

6 Harrison, R. G., J. Exp. Zool., Philadelphia, 4, 1907, (254). 

7™Tornier, G., Arch. Ent.-Mech., Leipzig, 20, 1905. 

® Valle, P. della, Napoli, Boll. Soc. Nat., 25, (1911-12), 1913. 

®In calculating percentages only those cases which yielded positive results were taken 
into account. 

10 Bateson, W., Materials for the Study of Variation, London, 1894, (479). 


THE SHAPES OF GROUP MOLECULES FORMING THE SURFACES 
OF LIQUIDS 


By Irving Langmuir 
RESEARCH LABORATORY OF THE GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y. 
Communicated by A. A. Noyes, February 2, 1917 


In a recent paper' I have developed a theory according to which 
all the forces involved in the structure of solids and liquids, are similar 
in nature to the forces causing chemical combination. Thus conden- 
sation, evaporation, adsorption, cohesion, crystallization, liquefaction, 
viscosity, surface tension, etc., are manifestations of the forces already 
known to the chemist. In all these cases the range of the forces is 
limited to atomic dimensions except in so far as their effects may be 
transmitted from atom to atom. According to this theory, every atom 
in a solid or liquid is chemically combined to every adjacent atom. 
This chemical union may be strong or weak and may be characterized 
either by primary or secondary valence (Werner). 

In most inorganic solid or liquid substances of the strongly polar 
type, the identity of the molecule is wholly lost, but in organic com- 
pounds the groups of atoms constituting the chemical molecule usually 
have a real existence even in the liquid or solid state. These group 
molecules are held together by primary valence forces while the forces 
acting between the group molecules, although no less chemical than 
the others, are to be characterized as secondary valence forces. 

From this viewpoint the forces involved in adsorption and surface 
tension do not originate from the group molecule as a whole, but rather 
from certain atoms in the molecule. 

This theory leads inevitably to the conclusion that adsorbed films on 
plane surfaces of solids or liquids should, in general, be one atom or 
group molecule in thickness. Considerable experimental evidence has 
already been presented that this is the case with films of gases adsorbed 
on solids. 

Miss A. Pockels? showed, in 1891, that very small amounts of oil on 
the surface of water have no appreciable effect on the surface tension, 
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but that the surface tension begins to decrease suddenly when the 
amount of oil per unit area is increased beyond a certain sharp limit. 

Lord Rayleigh,’ Devaux,‘ and Marcelin® have made similar experi- 
ments and have concluded that the amount of oil needed to produce 
an appreciable effect on the surface tension corresponds to a layer one 
molecule deep. Devaux finds with triolein that a film 11. x 10-* cm. 
thick just begins to lower the surface tension of water. From the den- 
sity and molecular weight of the oil and from Perrin’s value of the 
Avogadro constant, he calculates that the diameter of the molecule 
would be 11.3 x 10-* cm. if this be assumed spherical in shape. 

According to my theory, however, molecules should not be regarded 
as spheres, since such a-supposition would not be consistent with the 
chemical nature of the forces. The fundamental question immediately 
arises: What causes the spreading of an oil upon the surface of water? 
If we regard molecules as spheres, any attraction between the water 
and the oil should cause the oil to dissolve in the water instead of 
spreading on the surface. From the chemical viewpoint, however, the 
force causing the spreading should be a force between atoms, not be- 
tween molecules. Evidently, then, some atom or atoms in the oil 
must have an affinity for the water. Now it is known that the pres- 
ence of the —COOH, —CO, or —OH groups in an organic molecule 
tends to render the substance soluble in water, while the hydrocarbon 
chain decreases the solubility. On the other hand, hydrocarbons are 
soluble in each other. Therefore the -COOH, —CO, and —OH groups 
have more affinity for water than for hydrocarbons, while hydrocar- 
bons have more affinity for each other than for water. 

Thus, when an oil is placed on water, the -COO— groups combine 
with the water, while the hydrocarbon chains remain combined (sec- 
ondary valence, of course) with each other. This process leads directly 
to the spreading of the oil on the surface. If only a limited amount of 
oil is placed on a large surface, the spreading ceases as soon as all the 
available —COO-— groups have come into contact with the water, for 
any further spreading would separate the hydrocarbon chains from each 
other. 

According to this conception, pure hydrocarbon oils would not spread 
on water. Experiment shows that this is actually the case.® 

The theory furthermore indicates that the hydrocarbon chains in 
the oils must be placed above the —COO-— groups on the surface. 
Thus, in a series of homologous compounds, as the length of the chain 
increases the thickness of the oil film should increase in proportion, 
while the area occupied by each molecule should remain constant. 
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Now the area occupied by each molecule, which we will designate 
by a, is readily calculated. If w is the weight of oil placed on the sur- 
face and A is the area to which the film must be compressed before the 
surface tension changes, then the area a covered by each molecule is 
evidently a=AM/wN, where M is the molecular weight of the oil 
(oxygen = 16), and N is the Avogadro constant (6.06 x 10 molecules 
per gram molecule). Furthermore, we may calculate 7 the length of 
the molecule (measured vertically), as follows: the volume of each mole- 
cule is M/pN, where p is the density of the oil. By dividing this vol- 
ume by a, the cross-section of the molecule, we obtain the length of 
the molecule, thus r= M/apN = W/pA. 

To measure A, a new method has been developed. A strip of paper, 
floating on the water in a long tray, is fastened to a horizontal balance. 
Oil is placed on the water on one side of the strip only, and leakage of 
oil past the ends of the strip is prevented by localized blasts of air from 
two small tubes. Thus the force tending to cause spreading of the 
oil is measured for different values of A. By plotting these results it 
is easy to extrapolate to zero force and thus obtain the maximum area 
completely covered by the oil film. 

TABLE 1 
Cross SEcTIONS AND LENGTHS OF MOLECULES 








SUBSTANCE M szcTION Va = 
sg. cm. com. cm. 
xX 10-7 x 10-* xX 10° 
Palmitic acid CuHnCOOH ..................0000: 256 24 49 19.6 
Stearic acid Ci7HyCOOH...............00cceceees 284 24 4.9 21.8 
Cerotic acid CosHCOOH. ............0..c ccc ees 396 25 5.0 29.0 
Cetyl alcohol CyHayOH.. . 0.0.0... cccseccescceccs 242 21 4.6 21.9 
Myricyl alcohol CysHnOH.............2.0020000ee 536 29 5.4 35.2 
Tristearin (CisHysOs)sCsHy.........02.0. cece ee eeee 891 69 8.3 23.7 
Cetyl palmitate CusHnCOOCiHys......3....0..000- 482 21 4.6 | 44.0 
Qlske echd CileOOOGE oa. oon con ogc cing es 282 48 6.9 | 10.8 
Triolein (CigHasOs)sCoHy.... 5... 00. c ccc ce cece ceees 885 145 12.0 11.2 
Trielaidin (CigHssOs)sCoHs.........02.0 ccc cece eeee 885 137 | 11.7 | 11.9 
Ricinoleic acid C,7Hs(OH)COOH. ................ 297 90 9.5 5.8 
Linoleic acid CHa COOH. ..................0005- 280 47 6.9 | 10.7 
Linolenic acid CisHagCOOH...................005- 278 66 8.1 7.6 
Castor oil (Ciz7Hs2(OH)COO)3C3Hs................- 929 280 16.8 5,9 
Linseed oil (Ci7HnCOO);CsHy.............22.0000s 875 143 | 11.9 | 11.0 




















Table 1 gives the values of a and rjfound for a number of different 
solid and liquid films on distilled water at 16°C. Palmitic, stearic, 
and cerotic acids all occupy the same area (24. x 10- sq. cm.) per 
molecule. The length of the molecule in the vertical direction (r) in- 
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creases about in proportion to the number of carbon atoms in the chain. 
This is a direct proof that the molecules are oriented on the surface 
with the COOH groups in contact with the water, and the hydrocarbon 
groups placed vertically above them. Dividing the value of 7 by the 
number of carbon atoms in these molecules, we obtain an average of 
1.19 x 10-* cm. It is not likely that the carbon atoms in a hydro- 
carbon molecule are closer to each other than in a diamond, so that 
we must conclude that the carbon atoms in the chain are not arranged 
along a straight line, but in a zigzag fashion. The cross-section a is 
ample for such an arrangement. 

The data for tristearin show that the three -COO— groups are all 
located on the surface of the water and that each occupies the same 
area as it does in the stearic acid molecule. The three chains are placed 
side by side. Cetyl palmitate occupies actually less space than pal- 
mitic acid. The two chains lie sideby side, each having less than one- 
half the cross-section, but twice the length, that it has in palmitic acid 
or cetyl alcohol. 

These results prove that the areas are determined by the space on 
the water required by the active groups -COO— or —OH and not by 
the cross-section of the hydrocarbon chain itself. 

The unsaturated acids and esters occupy much larger areas than the 
saturated ones, and have correspondingly shorter lengths. This is 
clearly due to the double bond (and the —OH in ricinoleic acid) itself 
occupying a space on the water. Marcelin® has shown that when a 
globule of oleic acid is placed on a water surface, the film obtained is 
twice as thick as one which just alters the surface tension of water. 
Marcelin concludes that such a film is two molecules thick. The above 
data show that when the thin film of oleic acid is doubled in thickness, 
each molecule then occupies the same area as does one of stearic acid. 
Clearly, when an excess of oleic acid is added, the —COOH groups 
displace the double bonds and the chains assume an erect position on 
the surface. 

These facts prove that the hydrocarbon chain is extremely flexible 
and has no definite shape of its own. . The term ‘chain’ thus describes 
its properties admirably. 

The above method makes it possible to determine the lengths and 
cross-section of molecules of non-volatile, insoluble substances. De- 
vaux has shown that oils spread on clean mercury surfaces as well as on 
water, so that it may be possible to study many substances soluble in 
water by this method. 




















PHYSICS: I. LANGMUIR 255 


For volatile or soluble substances, however, there is another method 
by which the cross-sections and lengths of molecules in the surfaces of 
liquids may be determined. 

According to Gibbs’ equation 


c dy 

oe () 
we may calculate g the amount of material adsorbed per square centi- 
meter in the surface of a liquid, by determining the rate at which the 
surface tension, y, changes as the concentration of a dissolved substance, 
or that of a vapor above the liquid, is altered. It has been pointed 
out by Milner? that when substances strongly depressing the surface 
tension are added to water, the surface tension varies linearly with the 
logarithm of the concentration for all except extremely dilute solutions. 
If we write equation (1) as follows: 


1 @& 
a 2) 
it is evident that under these conditions g is independent of the con- 
centration. Milner thus calculates from Whatmough’s data for acetic 
acid solutions, that q is 3.8 X 10-° grams mol. per square centimeter 
over a rather wide range of concentrations. This should correspond to 
a monomolecular film. Multiplying the above result by N, we find 
that it corresponds to 23. X 10" molecules per square centimeter. The 
area occupied by each molecule is the reciprocal of this, or 43 x 10-% 
sq. cm. per molecule. If the whole of this area were covered by a single 
molecule of acetic acid, the value of + would be only 2.2 x 10-® cm. 
It is therefore probable that the group molecule forming the surface 
layer contains water adsorbed around the acetic acid group. The polar 
character of the -COOH group should exert its influence on the CHs 
radical, causing it to pack into the surface layer surrounded by a definite 
number of water molecules. This hypothesis is in accord with the 
fact that acetic acid mixes in all proportions with water. 

Still more conclusive evidence in support of the new theory is fur- 
nished by a paper by Szyszkowski,® in which surface tension data for 
water solutions of propionic, butyric, valeric, and caproic acids are given. 
The results are found to be given quite accurately by the purely 
empirical relation 





1-7 = 5 loge <=" (3) 
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where 7 is the surface tension of the solution and 7 is that of water; 
a and b are constants. Szyszkowski found that b had the same value, 
namely 0.411, for all the fatty acids investigated, while the constant a 
had a different value for each substance. Over a large part of the 
range of concentrations investigated, a was negligible compared to c so 
that the empirical equation 3 is equivalent to the relation found by 
Milner. That is, if we neglect a in (3) and differentiate, we obtain 


la 0.434 Yo b. (4) 
dinc 


Comparing this with (2), 


0.434 Y» b 
Rs 0b 5 
q RT (5) 


Since 6 was found to have the same value for all the fatty acids, this 
equation indicates that the same number of molecules of acid are ad- 
sorbed in the surface layer in each case. Placing yo = 73 dynes per 
centimeter; 6 = 0.411, R = 83.2 X 10° ergs. per degree and T = 290°K 
we find g = 5.4 X 10- gram mols. per square centimeter. This cor- 
responds to a value of a of 30.6 X 10- sq. cm. per molecule. This 
agrees even better with our value of 24. X 10-"* sq cm. per molecule 
for palmitic acid. 

Donnon and Barker® have measured the amount of nonylic acid ad- 
sorbed in the surface of its water solutions and have compared the 
result with that calculated from surface tension measurements by Gibbs’ 
equation. Both methods gave approximately the same results, averag- 
ing about 1.1 x 10-’ grams per square centimeter (independent of the 
concentration over a wide range). This corresponds to a value of a of 
23.7 X 10-* sq. cm. per molecule, practically identical with the values 
for the fatty acids given in table 1. 

We may therefore conclude that in moderately concentrated solu- 
tions of all substances which strongly depress the surface tension, the 
surface consists of a layer, one molecule deep, of the dissolved substance, 
and that there is never a transition layer in which the concentration 
varies progressively as we go further from the surface into the solution. 
The amount of solute required to form the monomolecular layer can 
be calculated from Gibbs’ equation. The length and cross-sections of 
the molecules forming the surface layer may then be found. 

In the case of solutions of inorganic salts, such as NaCl, the surface 
tension is greater than that of pure water and increases linearly with 
the concentration. Milner’ pointed out, according to Gibbs’ equation, 
that there is a deficiency of solute in the surface proportional to the 
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concentration. Now this is exactly what we should expect if the sur- 
face layer of these solutions consists of a single layer of group mole- 
cules of water. Milner shows that the deficiency of salt is 4.1 « 10-" 
gram molecules of salt per square centimeter for a normal solution 
(c =0.001). Hence we may place g/c = —4.1 X 10-8. 

This result can be explained if we assume that there is a layer 4.1 X 
10-8 cm. thick on the surface which contains no salt. This then should 
represent the length of the water group molecule. It is interesting to 
note that practically this same value is obtained with solutions of all 
the different inorganic salts. 

Taking the molecular weight of water in the surface to be 18, we 
find the cross-section of the water molecule to be 7.3 X 10-" sq. cm. 

It is believed that this methodof studying the structure of liquid 
surfaces will prove to be of very general application. The writer is 
undertaking experiments to measure the cross-sections of molecules ad- 
sorbed on water surfaces from vapors. Thus, benzol vapor greatly low- 
ers the surface tension of water, and in this way some knowledge may 
be obtained as to the shape of the benzol molecules under different 
conditions. Of course other liquids than water may also be used. 

There is a great deal of available data on surface tension of solutions 
in the literature which can serve this same purpose. I hope to refer 
to as many of these cases as possible, in a paper on the constitution 
of liquids which will soon be submitted for publication in the Journal 
of the American Chemical Society. 

1 Langmuir, I., J. Amer. Chem. Soc., Easton, Pa., 38, 1916, (2221). 

? Pockels, A., Nature, London, 43, 1891, (437-439). 

3 Lord Rayleigh, Phil. Mag., London, 48, 1899, (331-337). 

4 Devaux, H., Washington, Smithsonian Inst., Ann. Rep., 1913, (261-273). 

5 Marcelin, A., Paris, Ann. Physique, 1, 1914, (19-34). 

* Hardy, W. B., London, Proc. R. Soc., (A), 86, 1912, (610-635). 

7 Milner, S. R., Phil. Mag., London, 13, 1907, (96-110). 

* Szyszkowski, B. v., Zs. physik. Chem., Leipzig, 64, 1908, (385-414). 

® Donnon, F. G., and Barker, J. T., London, Proc. R. Soc., (A), 85, 1911, (557-573). 


THE IMPORTANCE OF THE WATER CONTAINED IN THE DEEPER 
PORTIONS OF THE SUBSOIL 


By F. J. Alway and G. R. McDole 


MINNESOTA AGRICULTURAL EXPERIMENT STATION 
Communicated by R. Pearl, February 10, 1917 





‘The most extreme views are entertained as to the importance of the 
water contained in the deeper portions of the subsoil—that below the 
depth penetrated by the roots of crop plants. Thus while McGee! 
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considered it to be largely responsible for the crops of extensive areas 
which would be unproductive if entirely dependent upon the rain and 
snow which fall upon their surface, and Cameron? sees in it the means 
of indefinitely maintaining the mineral nutrients of the surface soil, 
Rotmistrov® regards it of no importance to those plants whose roots 
do not reach down to it. Hall‘ in a recent analysis of the situation 
has stated: “‘The evidence on either side is far’ from being conclusive 
and more experiments are very desirable.” 

The present differences in views appears to be due to the failure in 
laboratory experiments and field studies to take into consideration 
some physical constant that is directly related to both the lower limit 
of available moisture and the water-retaining-capacity of the soil, if 
we define the latter as the maximum amount which a soil will carry 
after it has been saturated and then, protected from both direct evapo- 
ration and the indirect effects of this as well as the action of plant roots, 
allowed to come into approximate moisture equilibrium by the down- 
ward movement of the excess of water into the subsoil mass. The lower 
limit of available moisture as determined by plant-house experiments, 
in which crop plants were grown in 6-foot cylinders and left unwatered 
until they matured or died of lack of water, appears to be practically 
coincident with the hygroscopic coefficient. Up to the present a method 
of estimating the water retentiveness in the field from one of the physi- 
cal constants of the soil has not been developed. The laboratory ex- 
periments and field studies of the authors make it appear that in the 
case of soils with hygroscopic coefficients between 14 and 3 this bears 
a rather simple relation to the hygroscopic coefficient and that in coarser 
soils, while it bears a much less simple relation, this is still one that may 
be experimentally determined. As the great majority of the tillable 
soils of dry-land regions fall within the limits of hygroscopicity men- 
tioned it would appear that through the determination of both the 
moisture content and the hygroscopic coefficient in the case of samples 
of the deeper subsoil we could learn both the percentage of the physio- 
logically important water and the departure of this from the maximum 
which the particular subsoil could retain. 

The investigation was carried out in 1912 and 1913, while we were at 
the Nebraska Agricultural Experiment Station, the field studies being 
conducted partly in the humid eastern portion of Nebraska and partly 
in the semi-arid western end of that state. 

‘ The soils involved in the experiments included both surface soils and 
subsoils and ranged in texture from a Dune sand, with a hygroscopic 
coefficient of 0.6 and a moisture equivalent of 1.5, to a silt loam with 
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corresponding values of 13.3 and 29.5. In the laboratory experiments 
we employed cylinders 4'to 6 inches in diameter and of various lengths. 
These were filled with soils of known hygroscopic coefficients and mois- 
ture equivalent, and, except where saturation was desired, we deter- 
mined the initial moisture content. 

Five of the loams, placed in capillary connection with the natural 
subsoil mass, saturated with water and allowed to stand protected from 
surface evaporation for several months, lost water until the amount 
retained bore a close relation to the hygroscopic coefficient, being from 
2.1 to 3.1 times this value, according to the particular soil. When a 
layer of coarse sand or gravel separated the column of loam from the 
natural subsoil mass or interrupted it the downward movement of the 
water in the soil above this layer was much delayed. Where the column 
consisted of successive 2 inch layers of loams differing widely in texture 
the order of their arrangement exerted no influence upon their final 
water content. 

Soil columns, 30 to 36 inches long, while protected from all loss of 
moisture at the sides and bottom, were freely exposed to evaporation at 
the surface for periods varying from a few weeks to half a year. The 
moisture content, originally uniform and lying between 2 and 3 times 
the hygroscopic coefficient, fell until it reached, at depths below the 
first foot, an almost constant minimum with the ratio 1.9 to 2.2. 

Employing 2-foot columns of 12 different loams, each with an initial 
moisture content approximately equal to its hygroscopic coefficient, 
enough water was added to raise the average moisture content of the 
column to 1.5 times the hygroscopic coefficient, the water being applied 
in one experiment to the top and in another to the base of the column. 
After the cylinders had stood for three or four months, fully protected 
from evaporation, the distribution of moisture, with regard to the sur- 
face to which it had been applied, was found to be the same in both 
experiments. The maximum distance through which an effect was 
shown was about 2 feet but in most cases the distance was much less. 
The maximum final ratio of moisture content to hygroscopic coefficient 
was found in the section adjacent to the surface of application, where 
it lay between 1.7 and 2.4. The ratio, while falling within these limits, 
is not a constant, it not being the same for all the soils that have the 
same hygroscopic coefficient. 

The water-retaining capacity of the loams, as determined by labora- 
tory experiments, was found to bear a somewhat closer relation to the 
moisture equivalent than to the hygroscopic coefficient, the ratio vary- 
ing between 0.8 and 1.2. 
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Coarse sands exhibited a behavior very different from that of the 
loams. The ratio in the surface 6 inch section, even three months 
after one inch of water had been applied to the surface, was as high as 
6 or 7 while in the second foot it was only 1. The field studies on coarse 
sands showed as high a final ratio as was observed in the laboratory 
experiments. 

The very limited studies on fine sands indicate that these occupy a 
position intermediate between the loams and the coarse sands, the ratio 
of the water-retaining capacity to the hygroscopic coefficient rising as 
the latter value falls. 

Field studies show that when loams, after rains sufficiently heavy 
to thoroughly moisten them, are protected from losses by evaporation 
and transpiration, they lose water by downward movement until the 
ratio of moisture content to hygroscopic coefficient lies between 1.8 
and about 2.5, and, accordingly, that on the uplands of dry-land re- 
gions this is the ratio to be expected in the deeper subsoil—the portion 
below the range of plant roots. 

A comparatively abrupt transition from the moistened soil to the 
thoroughly exhausted underlying layers, with ratios of 2 to 2.5 and 1 
to 1.1 respectively, is found even several months after liberal rains have 
fallen, if the subsoil to a considerable depth had previously been ex- 
hausted of available water. 

The moisture of the deeper subsoil will be able to move upward only 
so slowly and through such a short distance in a single season that it 
will be at most of no practical benefit to annual crops. To make use 
of any portion of the precipitation which penetrates beyond the reach 
of the roots of annual crops it will be necessary to follow such crops at 
intervals by deep-rooting perennials. 

Further experiments of a long-time character are necessary to definitely 
decide whether the deep subsoil may not in a decade or so contribute 
sufficient moisture to the subsoil within the reach of the roots of such 
perennials, 20 to 30 feet, to make such a contribution of some practical 
importance for such crops. 

This is a preliminary extract of a paper transmitted to the Journal 
of Agricultural Research. 

1 McGee, U. S. Dept. Agric., Bur. Soils, Bull. 93, 1913, (40). 

2Cameron, The Soil Solution, 1911, (23). ° 

3 Rotmistrov, The nature of drouth according to the evidence of the Odessa Experiment Field. 


Odessa, 1913. : 
4 Rept. 84th Meeting Brit. Assoc. Adv. Sci., 1914, (641). 
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THE TRANSFORMATION OF PSEUDOGLOBULIN INTO EUGLOBULIN 
By William N. Berg 


PATHOLOGICAL DIVISION; BUREAU OF ANIMAL INDUSTRY. WASHINGTON, D. C. 
Communicated by R. Pearl, February 16, 1917 


In several publications Banzhaf! states that when diphtheria serum 
is heated as it is in the preparation of antitoxin, part of the pseudo- 
globulin is transformed into euglobulin. Details regarding the methods 
of analysis, or the analytic data on which Banzhaf based his conclusion 
were not found in the publications examined. 

This transformation has both a practical and a theoretical interest. 
It facilitates the concentration of the antitoxin present in the serum by 
removing protein without removing antitoxin, so that the final product 
contains all the antitoxin associated with much less protein. This is 
desirable because certain of the serum proteins have very little therapeutic 
value. In applying the heat treatment for the first time to a serum 
such as anthrax serum, for example, it is obviously desirable to be 
certain that a similar transformation takes place. Otherwise there 
would be no need of the heat treatment, and besides, the heating may 
cause loss of potency. 

On the theoretical side, the fact that pseudoglobulin can be trans- 
formed into euglobulin without affecting the total number of antitoxic 
units is almost conclusive proof that the antitoxin is a substance sep- 
arate from pseudoglobulin. That this transformation may take place 
in some sera, but not in all, is indicated by the following experiments, 
in which the heating of the serum was carried out under carefully con- 
trolled conditions and the analytic data obtained by improved methods. 
In all, four horse sera were used, which will be designated as follows: 

Anthrax 48. The serum obtained from Horse 48; used in a previous 
work.? Potency high. 

Anthrax 96. The serum obtained from Horse 96; used in a previous 
work. Potency lower than Serum 48. 

Diphtheria 1. A mixture of sera obtained from 2 horses. Potency 
high. 

Tetanus 1. A mixture of sera obtained from 2 horses. Potency fair. 

The first attempts to detect the transformation failed almost certainly 
because the experiments were made in connection with the prepara- 
tion of globulin for therapeutic use. Better analytic results were ob- 
tained when using smaller amounts of serum under conditions adapted 
to quantitative analysis and separate from antitoxin preparation. 
Heating the serum.—The procedure with a single serum was as follows. 
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Into each of 2 erlenmeyer flasks of 200 cc. capacity, pipet 50 cc. por- 
tions of the serum. To each flask there were added 25 cc. of water 
and 32 cc. of saturated ammonium sulfate solution; resulting in 30% 
saturation. At this concentration euglobulin was precipitated. One 
flask, not to be heated, was stoppered and set aside. The other flask, 
to be heated in the water bath, was stoppered with a rubber stopper 
carrying a standard thermometer. The bath had been so adjusted 
that during the experimental heating of the serum mixtures, the bath 
temperature did not rise beyond 61°2 nor fall below 60°5. The tem- 
peratures inside the flasks (it was convenient to work with 2 sera at a 
time) rose from that of the room, about 27°, to 56° in the first five min- 
utes of the heating, then to 59° in the next five minutes. After ten 
minutes heating the temperatures inside the flasks were exactly 60° 
or below it by a small fraction of a degree. The heating was then 
continued for exactly thirty minutes during which time the tempera- 
tures inside the flasks did not exceed 60° At the end of the heating 
period the flasks were transferred to a pan containing cold water. This 
brought the temperature down to that of the room, in about five min- 
utes. The next step is the separation and estimation of the precipitat- 
«d euglobulin. 

Method of analysis.—All four serum mixtures, 2 heated and 2 not 
heated, were transferred to 110 cc. centrifuge tubes and centrifuged for 
twenty-five minutes at about 2500 revolutions per minute. The sedi- 
mentation was perfect; the sticky euglobulin was firmly packed at the 
bottoms of the tubes. The supernatant liquids containing the pseudo- 
globulin, albumin and the antitoxin, were poured into 100 cc. volumetric 
flasks. The tubes could be inverted without loss of precipitate. The 
euglobulin was dissolved in water, coagulated by heat, filtered, dried 
and weighed by methods already described. In the supernatant 
liquid estimations were made of (1) pseudoglobulin; (2) albumin and 
(3), these two together. 

Resulis.—The figures in table 1 show unmistakably that more euglob- 
ulin precipitate was obtained from the heated than from the unheated 
serum. The figures for euglobulin in table 2, item (b), are the same as 
those in table 1, divided by 5. The main object of obtaining the other 
data was to ascertain the source of the excess of euglobulin in the heat- 
ed precipitates and to ascertain how accurate or inaccurate the method 
of analysis was. Theoretically, in table 2, (a) should equal the sum of 
(b) plus (c), and (c) should equal the sum of (d) plus (e). Although this 
equality is absent, the differences appear to be consistent and indicate 
a uniformity of error due to the absence of corrections for the compara- 
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TABLE 1 
WEIGHTS OF EUGLOBULIN OBTAINED FROM 50 cc. PorTIONS OF SERUM 




















SERUM NO. Wieae | Warm amar) ee 
grams grams grams 
De Ei BEES i Be ase 48 0.774 1.201 0.427 
gs ois d's rai oeinecanaen aie 96 0.547 0.793 0.246 
RUMI aad 6 siaie cies tino 46k wane RARER OES 1 0.406 0.719 0.313 
bP Sapa cal ar Spin Pea re Soma ei 1 0.435 0.642* | 0.207 
BOM Si PAS Se Aaa 1 0.243 0.304 0.061 





*Low result, due to incomplete flocculation. 


TABLE 2 


ANALYSES OF HEATED AND UNHEATED SERA. ALL WEIGHTS CALCULATED TO GRAMS IN 
10 cc. SERUM 
































ANTHRAX TETANUS DIPHTHERIA 
48 not | 48 |96 not] 96 1 not 1 1 not 1 1 not 1 
heated |heated | heated|heated |heated |heated |heated |heated |heated | heated 
(a) Total coagulable pro- 

Wis oy Pater coe 0.618*/0.618/0. 788|0. 788/0. 558/0. 558/10. 6650. 665/0.665/0. 665 
(b) Euglobulin........... 0.155 |0.240/0. 109/0. 159/0.049/0 .061/0.081/0. 144/0.087/0. 128+ 
(c) Pseudoglobulin and ; 

albumin estimated to- 

I sa cin eon cem 0.437 10.37810.668/0.625/0. 44710. 45110. 534/0.487/0.523/0.484 
(d) Pseudoglobulin....... 0.290 |0.21110.568/0.535/0.385/0.378/0.475/0.397|0.47910.438 
(6) Albania i555 05h sos. 0.191 |0.191/0. 133/0.135/0. 103/0. 103/0 .090/0.098/0 .087/0.097 
Pseudoglobulin converted 

into euglobulin......... 27% 6% 0.2% 16% 9% 




















*The same figure for total coagulable protein applies to both the heated and not heated 
serum; these are not exact duplicates. 

Tt Low result; see table 1. 
tively large volumes of the precipitates, solubility of precipitate in the 
washwater, occluded ammonium sulphate, etc. All the errors however, 
do not invalidate a comparison of the data in one column with those on 
the same serum, in the next column. 

The figures for albumin are practically the same in the heated and 
unheated sera. The figures for pseudoglobulin are consistently lower in 
the heated sera than in the unheated; this is an almost necessary con- 
sequence of the transformation of part of the pseudoglobulin into some 
protein having several of the precipitation characteristics of euglobulin. 
What is most important for the present investigation is that the Joss 
of pseudoglobulin in the heated sera corresponds almost quantitatively with 
the gain in euglobulin in the same sera. 

To calculate the percent of pseudoglobulin transformed into eu- 
globulin by the heat treatment; the difference between the amount of 
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pseudoglobulin in the unheated and heated serum divided by the amount 
of pseudoglobulin in the unheated serum gives the percent transformed; 
these are tabulated at the bottom of table 2. Thus for Anthrax 48, 
the figures are (0.290—0.211)/0.290=27%. This is not the only way 
to calculate this figure. Figures for pseudoglobulin may be obtained 
from a different set of results; thus, they may be calculated by sub- 
tracting the figures for albumin (e) from those ‘or pseudoglobulin plus 
albumin (c). If the percent of transformation be calculated from these 
lower values for pseudoglobulin the figures are, 24, 8.4., —1.2, 12.4 
and 11.2%; to read across the bottom of table 2. 

Further details are given in the Journal of Agricultural Research, 1917. 

1 Banzhaf, E. J., Proc. Soc. Exp. Biol. Med., 6, 1908, (8). Also, in Collected Studies 
from the Bureau of Laboratories, Department of Health, City of New York, 7, 1912-1913 


(114), and 8, 1914-1915, (209). 
* Eichhorn, A., Berg, W. N., and Kelser, R. A., J. Agric. Res., 8, 1917, (37). 


A CASE OF NORMAL EMBRYONIC ATRESIA OF THE ESOPHAGUS 


By H. E. Jordan 


DEPARTMENT OF ANATOMY, UNIVERSITY OF VIRGINIA 
Communicated by A. G. Mayer, January 20, 1917 


In a series of loggerhead turtle embryos, collected and used originally 
for a study of the history of the primordial germ cells, the esophagus 
was observed to be solid for a greater or less extent, approximately 
from the point of origin of the respiratory anlage to its bifurcation into 
the bronchi, from the twelfth to the thirty-second day of incubation. 
At the latter stage the esophagus is still occluded at its oral end, though 
now fenestrated for a considerable extent caudally; and it seems prob- 
able that the esophageal atresia persists practically to near the end 
of the incubation period (eight weeks) at the level just behind the open- 
ing of the larynx. 

The points of special significance in regard to this material are: (1) 
the relatively longer persistence of the occlusion than has yet been 
described for any other form; (2) the absence of contributory yolk in 
the stenosed area; and (3) close relation of the atresia to the point of 
origin of the respiratory anlage, which fact may disclose its possible 
functional significance. 

Balfour' was the first to describe a similar phenomenon in the 
esophagus of certain selachii. Kreuter** confirmed these observa- 
tions in the case of Pristiurus and Torpedo. Dean‘ reports a solid 
esophagus in larvae of Amia calva. An occluded esophagus is said to 
occur also in certain bony fishes, e.g., herring, trout, salmon (Balfour; 





























ZOOLOGY: H. E. JORDAN 265 


Oppel’). In cyclostomes the esophagus remains patent throughout 
development (Kreuter*). In certain amphibia (Bufo; Rana) the 
esophagus becomes occluded, in part through the medium of contribu- 
tory yolk globules (Meuron*); and the same is true for certain rep- 
tiles (Anguis fragilis, Oppel;’ Lacerta, Meuron*). According to 
Meuron’ the esophagus of the chick embryo of the fifth day is oc- 
cluded for a length of 115 microns, but regains partial patency again 
in the sixth day through the appearance of vacuoles. 

Kreuter® was the first to describe an epithelial obliteration of the 
esophageal lumen in the human embryo; contrary to the teaching of 
Kollmann’ and other embryologists that no solid stage of the esopha- 
gus occurred in mammals and in man. Kreuter® describes also 
similar obliterated areas in the mid- and hind-gut of embryos between 
the fourth and tenth weeks. In four human embryos, measuring from 
8.4 to 16 mm., Lewis* describes an esophagus whose lumen is per- 
vious throughout. He, however, describes vacuoles in the epithelial 
lining of these stages similar to those described by Kreuter as stages 
in the opening of the solid esophagus. But he regards an atresia of 
the esophagus in the human embryo as abnormal at all stages (p. 368). 

It would seem that an embryonic normal atresia of the esophagus 
is a widespread phenomenon among vertebrates, and is essentially 
similar from elasmobranch fishes to man. 

The phenomenon has not yet, as far as I am aware, been described 
for turtles, a circumstance which adds to the interest of this investi- 
gation. Nor has its intimate spatial relationship to the respiratory 
anlage, and its probable functional significance, been hitherto pointed 
out. The more important results may be summarized as follows: 

1. During the tenth and eleventh days of incubation the epithelial 
lining of the oral end of the esophagus (esophageo-respiratory anlage) 
thickens greatly dorsally, the result of extensive cell proliferation in 
this region. During the twelfth day the cylindric tube of the esophagus 
becomes compressed dorso-ventrally, thus bringing the dorsal and ven- 
tral epithelial walls in close apposition. Only the minutest central 
lumen persists in the oral end of the esophagus for a distance of about 
0.25 mm. During the thirteenth day the oral end of the esophagus 
is rectangular in cross section and completely solid for a distance of 
about half a millimeter. The opposed central cells have fused and 
formed a plug of tissue, essentially like a mesenchymal syncytium. 

2. The initial point of atresia is over, or just behind, the orifice of 
the separating laryngo-trachea! anlage; and its inception is coincident 
with the earliest stage in the division of the original esophageo-respira- 
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tory anlage into an esophageal and a laryngo-tracheal tube. By the 
sixteenth day the atresia has extended into the orifice of the larynx, 
due in part perhaps to pressure exerted by the lateral arytenoid swellings. 

3. The chief factor in the temporary closure of the originally open 
esophagus is the change in shape of the esophagus from a tube approxi- 
mately circular in cross section to a structure of wide rectangular form 
with at first a slit-like lumen and finally a minute central aperture. 
The cause of the change in shape, upon which the obliteration of the 
lumen largely depends, is the combination of growth within the esopha- 
gus in opposition to the denser lateral mesenchymal plates, by the in- 
vasion and medial fusion of which the laryngo-tracheal groove be- 
comes converted into a tube and incidentally separated from the esopha- 
gus distally. This process is assisted, as concerns the obliteration of 
esophageal lumen, by the active cell proliferation in the dorsal wall of 
the esophagus. 

4. In the sixteen day embryo, the atresia of the esophagus extends 
through about 1500 microns. Beyond the oral end vacuoles begin 
to form in the lining epithelium. These represent dilated ‘intercellular’ 
spaces chiefly within the central syncytial plug of tissue. They in- 
crease in number, and enlarge caudally, where they become confluent. 
During succeeding stages this process of vacuolization continues, until 
at the thirty-second day stage only the extreme oral end of the esopha- 
gus remains closed. 

5. Both the closure and the reéstablishment of the lumen of the 
embryonic esophagus involve mechanical as well as growth processes, 
but are normal for a certain stage of the embryonic development. The 
closure is not largely dependent upon intrinsic cell division; and the 
fenestration process involves no tissue degeneration or resorption. The 
level of initial closure and the level of final perforation are approximately 
the same, namely, the laryngeal level of the esophagus. 

6. In the process of vacuolization upon which the opening of the 
temporarily stenosed esophagus depends, the larger spherical vacuoles 
are drawn into irregular areolae as if through traction exerted from 
without. This traction no doubt inheres in the growing and expand- 
ing periphery of the esophagus. The esophagus now has a fenestrated 
appearance in section; its lumen is spanned by more or less delicate 
nucleated septa which may anastomose, giving to the whole the ap- 
pearance of a wide-meshed syncytium. Ultimately the trabeculae are 
drawn into the lining epithelium, and their nuclei incorporated among 
the entodermal cells of the mucous lining. 
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7. The temporary atresia of the esophagus in the Caretta embryo 
would appear to be a device for the protection of the lung during its 
development against yolk material from the gut; which material could 
not be digested but would interfere with normal development of the 
lung. 

8. This hypothesis can comprehend and correlate conditions in em- 
bryos of forms with meroblastic, homoblastic telolecithal, and alecithal 
eggs. Where yolk is very abundant as in the meroblastic eggs of fishes, 
reptiles and birds, the atresia is relatively extensive and of longer dura- 
tion; in amphibia the closure is largely of the nature of a stenosis in 
which yolk globules are involved, probably in process of digestion while. 
their forward progress is delayed by reason of the constricted lumen. 
In most mammals and in man such mechanism is functionally super- 
fluous, and consequently absent except in slight and variable degree. 
As such it may persist or become accentuated, and produce congenital 
atresia or stenosis of the esophagus. 

A more detailed description will appear in Publication No. 251 of the 
Carnegie Institution of Washington. 

1 Balfour, F. M., A monograph on the development of Elasmobranch Fishes, London, 1878. 

?Kreuter, E., Solide oesophagus den Selachier, Erlangen, 1903. 

* Kreuter, E., D., Zs. Chir., Leipzig., 79, 1905, (1-89). 

‘Dean, B., Q. J. Microoc. Sci., London, 38, 1896. 

5QOppel, A., Vergleichung des Entwicklungsgrades der Organe zu verschiedenen Entwick- 
lungszeiten bei Wirbeltieren, Jena, 1891. 

6 Meuron, P. de., Paris, C.-R. Acad. Sci., 102, 1886. 


7Kollmann, J., Lehrbuch der Entwicklungsgeschichte des Menschen, Jena, 1898, (1-658). 
8 Lewis, F. T., Keibel, and Mall, Human Embryology, Philadelphia, 2, 1912, (355-368). 


STUDIES OF MAGNITUDES IN STAR CLUSTERS, V. FURTHER 
EVIDENCE OF THE ABSENCE OF SCATTERING 
OF LIGHT IN SPACE 


By Harlow Shapley 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, February 15, 1917 


The interest and importance attached to an accurate quantitative 
knowledge of the scattering of light in space, for all studies of the ex- 
tent and character of the stellar universe, has been commented upon 
by various writers, particularly by Professor Kapteyn. In the first 
communication of this series! the matter was discussed briefly and 
evidence was presented showing that interstellar space, at least in the 
direction of the Hercules cluster, is free of the kind of light absorp- 
tion that modifies the color of the stars. The generalization of this 
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hypothesis into the conclusion that such light scattering is practically 
negligible in all parts of the sky awaits, first, the verification of the origi- 
nal observational result; second, the confirmation of the proposed phys- 
ical interpretation of such data; and, finally, an investigation of the faint 
and most distant stars in a wide range of galactic latitudes and longi- 
tudes. The present note contains a further contribution to the subject 
and permits a fairly definite solution. 

In the first study of the magnitudes of the stars in the Hercules 
cluster normal values of color indices were obtained. Among a thou- 
sand objects no abnormally large or small values were found; and 
among the fainter stars, photovisual magnitude 14 to 16, a great number 
of negative indices appeared. The essential correctness of this result 
has now been checked in two different ways—by a new series of polar 
comparisons, and through a determination of the color indices by the 
method of exposure ratios.” 

Assuming the observed colors to be reliable, the presence of negative 
color indicates two significant conditions, namely, the absence of light 
scattering, and the great distance and size of the cluster. There ap- 
pears to be no adequate reason for modifying this adopted interpreta- 
tion of the blue faint stars. The decrease in the intensity of light by 
terrestrial atmospheric scattering is known to vary inversely as the 
fourth power of the wave length. The dissipated atmospheres and 
meteoric dust, to whose agency spatial light attenuation is commonly 
ascribed, are recognized as similarly capable of the preferential scatter- 
ing of blue light. Such a differential light absorption certainly would 
make all stars appear redder. The presence of very blue stars, there- 
fore, points to the inefficiency of the light-scattering residue in space, 
provided the objects involved are sufficiently remote. As all studies of 
B-type stars (negative color indices) indicate a high absolute luminosity 
and relatively small dispersion around a mean value, such stars, when 
apparently faint, are an immediate and apparently reliable index of 
great distance, and distance is the most important factor in testing the 
scattering of light in space.* 

The systematic increase of redness observed toward the center of 
the Hercules cluster may be interpreted as a spurious effect caused 
by the crowding of images on the photographic plate, or as a scattering 
of light in the denser portion of the cluster itself. The former is almost 
surely the true explanation. The possibility, however, that the latter 
cause contributes, suggests that the absence of light absorption in the 
direction of the Hercules cluster does not imply an inappreciable 
absorption in the lower galactic latitudes where stellar material appar- 
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ently is much more concentrated. Accordingly it becomes appropriate 
to investigate clusters in the Milky Way and the faint stars in the 
galactic clouds. The presence of negative color indices, or a normal 
range of color, in such regions, assuming of course the distances to be 
great, will indicate the essentially complete transparency of space 
throughout the whole stellar system. 

The position, with respect to the galactic plane, of the fields in which 
magnitudes and colors have been studied in the course of this work are 
listed in the following table. With two or three exceptions the regions 
are in or around stellar clusters. The fourth and fifth columns give 
for each region the limiting values of the color indices. In several of 
these fields the survey is not yet complete, and values somewhat larger 
and smaller may be found later. This applies especially to Messier 5 


PRELIMINARY RESULTS BEARING ON THE EXTENT OF THE GALACTIC SYSTEM 












































TUDE | TUDE | Largest |Smallest| MAG. | VEX) Mag |M=+2 
i FE ies. 6 cialis eves 12° | +78°|+1.77|—0.39| 15.1 |—0.16} 070001 | 0700024 
WMA voicing sec ocenan 27. | +40 |+1.42/—0.52] 16.54/—0.34] 0.00005} 0.00012 
jE it RES eae Para ae 33 | —28 |+1.50/—0.21] 16.0 |—0.14] 0.00006) 0.00016 
eo Th saa a a PE: 60 +13 |+1.33/—0.14) 12.64/—0.02/} 0.0003 | 0.0007 
Ta Badeertae. 6k. oi. ch es 69 | — 3 |+1.58]/—0.37] 12.65|—0.01| 0.0003 | 0.0007 
SS ESTES D CE SIE 139 | + 1 |4+2.12/—0.45) 13.5 |—0.16] 0.0002 | 0.0005 
Messier 36...............-| 142 | + 1 |4+1.50|/—0.30) 12.5 |—0.23} 0.0003 | 0.0008 
pd RD BP EE rare 154 | + 3 |+1.31/—0.15} 11.5 |—0.07| 0.0005 | 0.0013 
DE Sas si 189 — 1 |+2.00)/—0.04) 12.3 |—0.02} 0.0003 | 0.0009 
NN oso useh eve cutwa 332 +46 |+1.67|—0.11) 14.6 |—0.10} 0.0001 | 0.0003 
pO Ge carpe 354 | — 3 |42.23)—0.42| 14.2 |—0.14) 0.00015) 0.00036 
BEE 18. Ss peeks 355 | — 3 |+2.06/—0.16} 14.32}—0.08] 0.00014) 0.00034 
NeweRE td: . 6.55 560 AS 356 | — 4 |+1.81/—0.14) 13.9 |—0.01) 0.0002 | 0.0004 

*Globular cluster. **Three stars. 


and Messier 3, for which the magnitudes of the fainter and probably 
more typical b-class stars are not yet available. The sixth and seventh 
columns give for each region the mean photovisual magnitude and mean 
color index of a group of the faintest blue stars. The average number 
in each group is ten. 

The accidental errors affecting the colors are so small that the dis- 
persion of color index and the negative and small positive values of the 
index cannot be attributed to observational uncertainty. The syste- 
matic errors have been carefully examined for several of these regions and 
they are similarly inadequate, at least as far as our present knowledge 
of them extends. The blueness of the faint and distant stars, thus 
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shown to exist for numerous directions in space, may be accepted, there- 
fore, as an indication of the general ineffectiveness of differential light 
scattering. This result also naturally implies the absence of all dim- 
inution of the intensity of light through the agency of interstellar media. 
The daily encounter of the earth with millions of meteors is frequent- 
ly cited as evidence of the prevalence of highly efficient light-scattering 
and light-obstructing material throughout interstellar space. If, as 
seems likely, the meteoric dust, which is closely allied to the meteoric 
streams and comets, is a definite and original part of the solar system 
and is not cosmic in origin and motion, this argument loses its force; 
and whatever extinction of light such matter produces, either in the 
solar system or in immediate gravitational field of other stars, is wholly 
unimportant in its bearing on stellar distribution and distances. 
Disregarding light absorption, we may compute for each region the 
parallax of stars of the tabulated mean photovisual magnitude, as soon 
as we know the mean absolute luminosity corresponding to the average 
color. Upon the basis of the researches of Kapteyn, Russell, Charlier, 
and others, we make two assumptions for the mean absolute magnitude 
of the blue stars, M = 0 and M = +42, and compute the results given 
in the last two columns of the table. For the globular clusters the 
smaller parallaxes are undoubtedly preferable, since in these systems 
we are certainly treating only the brightest of the bluer stars. More- 
over, the smaller value is in keeping with results derived by means of 
variables and other stars of high luminosity. For the open clusters 
the larger values of the parallax are probably better. In a few of the 
regions, however, the magnitudes and colors are provisional; and the 
adopted mean absolute magnitudes of B-type stars, though not im- 
probable, are of course somewhat uncertain. Hence the estimates of 
the extent of the galactic system (including its open clusters), and the 
indications of the relatively greater distances of the globular clusters, 
are here proposed as only preliminary results; their main value lies in 
the definite evidence of the vast dimensions of the visible stellar universe 
and in the problems suggested for further investigations along this line. 


1 Shapley, H., these ProceEprncs, 2, 1916, (12-15). 

2 Seares, F. H., Ibid., 2, 1916, (521-525). 

* Shapley, H., Mt. Wilson Contrib. No. 116, 1915, (1-92), pages 52-58 and 88. 
‘Tbid., pages 58-61. 
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THE HISTORY OF THE PRIMORDIAL GERM CELLS IN THE 
LOGGERHEAD TURTLE EMBRYO 


By H. E. Jordan 


DEPARTMENT OF ANATOMY, UNIVERSITY OF VIRGINIA 
Communicated by A. G. Mayer, January 20, 1917 


In view of the wide discrepancies in the published accounts of the 
germ-cell history in various vertebrates, it seems very desirable that 
the problem should be reinvestigated among a greater range of forms, 
and by additional workers. 

The present study represents an attempt to trace the complete early 
history of the genital cells in a peculiarly favorable form, and, in the 
light of this data, to correlate the mass of apparently discordant obser- 
vations recorded for other vertebrates. 

The material employed consists of embryos of the loggerhead tur- 
tle, Caretta (Thallassochelys) caretta, from the two- to the thirty- 
two day stage of incubation. Parallel series were prepared by the 
Flemming-iron-hematoxylin and the Helly-Giemsa technics. 

This material possesses the following combination of unusual advan- 
tages for such study: (1) it can be procured in great abundance; (2) the 
developmental process is relatively slow (the incubation period extends 
through fifty-six days), yielding thus a closely graded series of stages; 
and (3) the germ cells are abundant and at all stages sharply demarked, 
by size, shape, and nuclear and cytoplasmic characteristics, from the 
cells with which they seemed possibly to have been confused in some 
forms, especially the less differentiated yolk-laden entoderm cells, and 
certain blood granulocytes (eosinophiles). 

I am indebted to the kindness of the Carnegie Institution of Wash- 
ington and to Dr. Alfred G. Mayer, Director of the Department of 
Marine Biology, for the opportunity of collecting this material on 
Loggerhead Key, Florida, during the summer of 1914. 

The fundamental controversy concerning the history of the germ 
cells in vertebrates centers about the question of their relationship to 
the so-called ‘germinal epithelium’ of the genital ridge. Waldeyer! 
maintains that in the chick certain cells of the portion of the peri- 
toneal epithelium covering the primitive gonad differentiate into germ 
cells. Nussbaum? was the first to controvert this theory, claiming 
that the germ cells are early segregated (in trout, frog and chick em- 
bryos) from the soma cells and that they subsequently wander from 
originally widely scattered regions into the differentiating sexual glands, 
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These two rival theories have had their adherents to the present 
day. Gatenby,* for example, claims that in certain amphibia (Rana 
temporaria, Salamandra) the definitive germ cells arise by process of 
transformation of peritoneal cells, as first described by Waldeyer; in 
similar forms (Rana pipeins; Bufo lentiginosus) Allen‘ and King* claim 
that the definitive germ cells (gonia) and the primordial germ cells are 
the same, the former being genetic derivatives of the latter, and that 
neither are genetically related to the peritoneal epithelium. 

A number of investigators, e.g., Felix, Firket? and Dustin® claim 
the existence of two generations of germ cells, the primary and sec- 
ondary genital (sex) cells or gonocytes. The earlier generation is sup- 
posed to have only a phylogenetic significance and to early disappear 
after a more or less nomadic career; while the later generation is claimed 
to have its origin from the cells of the peritoneum covering the gonads. 

As regards the chick, Nussbaum’s original claim is now fully sus- 
tained both on the basis of morphologic and of experimental data. 
Swift? has discovered the original entodermal locus of the primordial 
germ cells in this form in a cephalic crescentic area, in the early primi- 
tive-streak stage. As the spreading mesoderm invades this region 
the germ cells become largely involved in the blood vessels, by which 
they are carried to the splanchnic mesoderm of the hind-gut region; 
from whence, by ameboid activity, they wander up the forming mesen- 
tery and across the celomic angle into the developing gonads. An 
unbroken lineage has now been traced by Swift! between these 
primordial germ cells of the gonads and the odgonia and spermogonia 
of the ovary and testis respectively, without any contribution from 
the peritoneal epithelium. Reagan’ has put Swift’s observations 
to a crucial experimental test by removing the crescentic germ-cell 
area of the primitive-streak stage, and reincubating such operated 
specimens. Sections of such chick embryos revealed a complete lack 
of germ cells. 

Subsidiary more important matters concern the migration route 
of the primordial germ cells, and the possibility of a persistence of 
latent ‘stray’ germ cells to serve as possible future foci for neoplasms. 
In the chick (Swift) and in the duck (von Berenberg-Gossler") the 
germ cells are said to migrate largely via the blood vessels. These 
observations involve the possibility of a confusion with hypertrophied 
blood granulocytes. Moreover, von Berenberg-Gossler* records the 
anomolous ‘observation that in the lizard, Lacerta agilis, ‘primordial 
germ cells’ (‘entodermal wandering cells’) contribute to the formation 
of the caudal extremity of the Wolffian duct. He regards these cells 
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as representatives of a dilatory process of mesoderm derivation from 
entoderm. 

As regards amphibia, the later observations incline Allen" to con- 
clude that in anurans the germ cells have an entodermal origin (i.e., 
original segregation), in urodeles a mesodermal origin. 

The germ-cell history of Caretta is very similar to that first described 
by Allen’® for Chrysemys marginata—and more recently confirmed by 
Dustin'* —and to that described by Woods! for the dogfish. This 
may be summarized as follows: 

1. The primordial germ cells in Caretta migrate during the second 
day (5 somites; 2 mm. length) from the yolk-sac entoderm, where 
they were more or less widely scattered caudally, into the lateral bor- 
der of the area pellucida on each side of the embryonic disc. Here 
they become sharply segregated by the beginning of the third day 
(10 somites; 3 mm. length) into bilateral cords situated in the ento- 
derm of the area pellucida laterally, in the caudal half of the disc. In 
the two-day embryo they extend from the neurenteric canal to the 
end of the primitive streak; in the three-day embryo from the sixth 
somite to the caudal extremity of the streak. The cords become more 
medially placed, make a linear connection with the overlying visceral 
mesoderm, and their cells migrate during the fifth day into this meso- 
derm, and thence medially (during the sixth and seventh days) towards 
the root of the forming mesentery of the closing hind-gut. Individual 
cells migrate medially also within, or back into, the entoderm of the 
gut. The germ cells in the medial entoderm become included in the 
tunica mucosa of the closed hind-gut, those in the mesoderm in the 
enveloping mesenchyma and the gut end of the mesentery. From 
these locations the majority of the germ cells subsequently (seventh 
to twelfth day) migrate up the mesentery and across the celomic angle 
into the future sexual gland. They become incorporated among the 
mesenchymal cells of the gland and the covering peritoneal epithelium, 
where they suffer no striking change in form, size or content at least 
as late as the thirty-second day of incubation. 

2. The germ cells migrate by ameboid activity, assisted in small 
part probably by the factor of unequal growth, involving the shift- 
ing of the medial portion of the splanchnopleure to the mesentery, 
and the dorsal portion of the mesentery to the gonads. 

3. The migration period is not sharply limited. It is at its height 
from the seventh to the twelfth day, and practically ceases about the 
sixteenth day. But occasional extra-regional cells may still be found 
in the gut and mesentery at the thirty-second day stage, usually, how- 
ever, showing signs of degeneration. 
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4. A certain number of germ cells migrate out of the regular germ- 
cell route and go astray. Such ‘strays’ are especially numerous in the 
periaortic mesenchyma where they may become incorporated among 
the neuroblasts of the developing peripheral sympathetic ganglia. The 
majority of these strays probably degenerate im situ, but some may 
possibly persist to form, under the proper pathologic stimulus, a focus of 
neoplastic growth.. An occasional cell is found also in the blood ves- 
sels of this region. Such may be carried by the blood stream to dis- 
tant regions and perhaps again enter the mesenchyma or degenerate 
within the vessels. ; 

5. The total number of primordial germ cells counted in a twelve- 
day embryo is 352, the number within the gonads being about equally 
divided between the two (118, left to 127 right). 

6. Occasional cells may divide by mitosis or undergo degeneration 
at any stage of their history or at any point of the route. Mitoses 
are relatively more numerous during earlier stages and among the en- 
todermal cells; degeneration is more general during the later stages 
and in the mesenchyma of the closed hind-gut. 

7. No germ cells were found contributing to the formation of the Wolf- 
fian duct. There is no evidence in this form in support of von Beren- 
berg-Gossler’s claim, on the basis of his observations on the lizard 
embryo, that the so-called primordial germ cells represent simply a 
belated stage of mesoderm formation from entoderm. 

8. The germ cells do not differ from young somatic cells in the char- 
acter of their mitochondrial content. The mitochondria include granu- 
lar as well as beaded rod and filamentous forms. 

9. No transition stages between celomic epithelial cells and germ 
cells appear up to the thirty-second-day stage. From the sixteen-day 
stage on, when the nuclei of some of the germ cells within the gonads 
became coarsely granular and the reticulum stains more deeply, appar- 
ent transition stages occur between the larger of the mesenchymal 
cells and the smaller included subepithelial germ cells. But no secure 
histologic basis can here be found for separating the germ cells of the 
gonads into large “primary genital cells” and smaller “secondary geni- 
tal cells” (Felix) or gonocytes (Dustin), derived by process of differentia- 
tion from the cells of the germinal (peritoneal) epithelium or the sub- 
jacent mesenchyma. The size variations among the germ cells of the 
gonads of the older stages are no greater than in the original cords of 
the area pellucida or in the subsequent early stages; and the cytologic 
similarity between the two dimensional grades of cells is much closer 
than between the larger mesenchymal cells and the smaller germ cells. 

10. The evidence derived from a study of the Caretta embryos is 
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in complete harmony with the idea of a single uninterrupted line of 
sex cells from primordial germ cells to oégonia and spermagonia, and 
with the hypothesis of a vertebrate ‘Keimbahn’ or continuous ger- 
minal path. 

11. The variations in the distribution of the primordial germ cells 
during earlier embryonic stages described by various investigators 
for a number of vertebrate forms—as pertains both to their presence in 
blood vessels (chick, Swift; duck, von Berenberg-Gossler) and in various 
regions and tissues remote from the more direct and more usual ger- 
minal route (Wolffian duct and somatopleure in the lizard, von Berenberg- 
Gossler; and sympathetic ganglia in the loggerhead turtle, Jordan); 
and to their apparent primary (urodeles) or secondary (anurans and 
other vertebrates) derivation from the splanchnic layer of the lateral 
mesoderm—are incidental to their original location with respect to 
the embryonic area and the vascularizing mesoblast of the blastoderm, 
and to their ameboid capacity. Since the primordial germ cells are 
genetically directly related to neither of the secondary germ layers their 
origin in either (entoderm or mesoderm) has no fundamental significance. 
Since they are capable of ameboid activity, and may become included 
in blood vessels, they may migrate anywhere, and so occur in any lo- 
cation, from where they may subsequently migrate again to the more 
direct germinal path, or perhaps disintegrate. The fact of fundamental 
significance with respect to the primordial germ cells is their original 
extra-regional distribution and their direct genetic independence of 
the soma cells. 

A more complete paper, with illustrations, and a fuller review of the 
literature, will appear in a forthcoming volume from the Tortugas 
Laboratory of the Carnegie Institution of Washington. 


1 Waldeyer, W., Eierstock und Ei, Leipzig, 1870. 

2 Nussbaum, M., Arch. mikr. Anat., Bonn, 18, 1880. 
3 Gatenby, J. B., Q. J. Microsc. Sci., London, N. S., 61, 1916, (275-300). 

4 Allen, B. M., Anat. Anz., Jena, 31, 1907, (339-347). 
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STUDIES OF MAGNITUDES IN STAR CLUSTERS. VI. THE RELA- 
TION OF BLUE STARS AND VARIABLES TO GALACTIC PLANES 


By Harlow Shapley 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, February 19, 1917 


The possibility of the invariable presence of axes of symmetry in 
globular clusters is attested by the results given in a recent communi- 
cation by Mr. Pease and the present writer.’ The observed elliptical 
distribution of stars may denote a prolate spheroidal form; or, as ap- 
pears more probable, it may signify the projection of a discoidal figure, 
in which case the axis of symmetry represents the lines of ntersection 
with the celestial sphere of the central plane of a system analogous in 
form to our own Galaxy. In any case the phenomenon of symmetrical 
elongation may be highly significant in problems of stellar dynamics, 
and as such is deserving of further study. 

One method of investigation is the study in globular clusters of the 
distribution of those objects which show a peculiar arrangement in our 
galactic system with respect to the plane of the Milky Way. It does 
not follow, of course, that they should also show condensation along 
a symmetrical plane in all large stellar systems, but it will be of interest 
and of much importance to know whether or not they do. 

Stars of spectral class B and the longer-period Cepheid variables 
are two types of objects which in the local system show a strong gal- 
actic pteference. Data bearing on both of these are available for 
Messier 13—the only globular cluster for which a detailed study of 
magnitudes and colors has been made.? Earlier discussions of the dis- 

tribution with respect to the center of the brightest thousand stars 
~ of Messier 13 failed to show a definite tendency toward symmetrical 
elongation,? but, from an investigation of some 30,000 faint stars in 
this system, we now know with considerable accuracy the position of 
its axis of symmetry. With the orientation of the density ellipse as 
a starting point, the bright stars have been rediscussed from the 
standpoint of color index. The method of treatment is sufficiently indi- 
cated in the earlier communication relative to axes of symmetry. 

The smooth dotted curve in figure 1 is based upon the count of 
10,000 stars between the seventeenth and nineteenth magnitudes, and is 
inserted merely to show the true position of the axis, and, by means cf 
the amplitude of the curve, to indicate the degree of the ellipticity. 
The ordinates are the percentage deviations of the number of stars in 
each 30° sector from the mean number for all sectors; the abscissae are 
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angles of direction from the center (expressed as position angles), the 

data for opposite sectors being combined into means. Compared with 

this dotted curve it is apparent that the thousand brightest stars, rep- 

resented by the full line, show little trace of the elliptical distribution. 
Of this group of bright stars, 130 have negative color indices. They 

correspond, at least approximately, to the B-class stars in our galactic 

system, which show marked galactic concentration. Their distribution 

is plotted in figure 1. as a broken line. Though the accidental varia- 

tions are influential, because of the relatively small numbers concerned, 

the elongation is definitely shown and the degree of concentration ap- 

pears to be about double that for the faint stars of all color classes. 
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Full line, brightest thousand stars; broken line with crosses, blue stars; dotted line, all 

stars between magnitudes 17 and 19. Ordinates, percentage deviation from the mean; 
abscissae, angle of direction from the center. 


There are seven variable stars in the Hercules cluster. Four of them, 
including the two that are known certainly to be Cepheid variables, 
are in the sectors that contain the axis of symmetry, and one is in an 
adjoining sector. As some allowance for the inclination of the supposed 
plane to the line of sight must be made, this proportion is as much as 
could be expected, even if all these are Cepheids and in their distribu- 
tion a strict comparability to the condition in our system is required. 

The elliptical form of w Centauri, the largest and brightest globular 
cluster in the sky, is immediately evident upon photographs that show 
several thousands of its stars. The apparent elongation was mentioned 
by Bailey in discussing the variable stars,‘ but was not considered in 
his discussion of the distribution.’ That the star counts, as published 
by Bailey, verify the appearance of the photographs and show a dis- 
tinctly elliptical symmetry, has been noted in earlier papers.* 

The data upon which this conclusion was based are now given in the 
table, the thousand stars nearer the center than 3’ being excluded be- 
cause of the difficulty and consequent uncertainty in counting and ar- 
ranging the data in sectors. The successive lines of the table show that 
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THE DISTRIBUTION OF 5000 STARS IN w CENTAURI 
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the elliptical distribution is present at all distances from the center. 
The irregularities and other evidence of the lack of exact symmetry in 
this cluster, as well as in others, probably represent actual conditions; 
their significance may be much the same as that of the open star groups 
and the breaks in the Milky Way in the symmetry of our own galactic 
system. 
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The full line shows the distribution of all stars, the minimum corresponding to the direc- 
tion of the cluster’s galactic pole. The dotted line shows the distribution of variables. Or- 
dinates, percentage deviation of the number of stars in each sector from the mean for all 
sectors; abscissae, angle of direction from the center, expressed as position angle. 


There are 128 variables (nearly all short-period Cepheids) in w Cen- 
tauri. Their distribution is given in the last line of the table, and their 
relation to the axis of symmetry is shown in figure 2. In the diagram, 
numbers for opposite sectors are combined and the percentage devia- 
tions from the means are plotted together with a similar curve for the 
five thousand stars of all kinds outside the central area. The preference 
for the sectors that lie along the axis of symmetry is very conspicuous, 
the relative amplitudes of the two curves showing that these short- 
period variables are three times as condensed toward the supposed plane 
of symmetry as the stars in general. A correction for superposed/stars 
increases the general ellipticity by about one-tenth of its amount. 
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The hundred or so brightest short-period Cepheids (cluster-type 
variables) in the galactic system do not show a marked concentration 
to the plane of the Milky Way. This result is not conclusive, however. 
There are hundreds of known variable stars in low galactic latitudes 
whose periods and variations are not yet recognized. If, as may well 
be the case, these prove to be short-period Cepheids which appear 
faint because of distance, though intrinsically fairly luminous, our ideas 
relative to their galactic concentration will need modification. In fact, 
we probably have much more complete information about the Cepheid 
variables in w Centauri than in our own system, and for the former the 
information is also homogeneous. 

Summary. (1) When based on photographs with exposures long 
enough to show ten or twenty thousand stars, the study of stellar dis- 
tribution in the so-called globular clusters reveals an underlying ellip- 
tical symmetry that may be universally present. (2) The 130 bright- 
est stars of color class B in Messier 13 show a distinct preference for 
the sectors containing the axis of symmetry, which was previously 
found for faint stars but is not shown by the thousand brightest objects 
of all color classes. (3) The Cepheid variables in Messier 13 also aline 
themselves along this axis. (4) The southern cluster w Centauri shows 
a conspicuous elliptical distribution, even when only the brightest 5000 
stars are examined. (5) The 128 short-period variables in this cluster 
show a much higher concentration toward the axis of symmetry than 
do the other stars. (6) Because of the analogous condition in our 
Galaxy, the peculiar concentration of blue stars and variables strongly 
supports the hypothesis that these axes of symmetry in reality repre- 
sent the projections of more or less oblate systems of stars; and it indi- 
cates that in this flattened form, which appears not only as a character- 
istic of various kinds of nebulae, but also of the solar system, of the 
whole galactic system, and now even of globular clusters, we have a 
property that is general and fundamental in the dynamics of stellar 
groups. 

1 Pease, F. G., and Shapley, H., these ProceEprncs, 3, 1917, (96-101). 

2 Shapley, H., Mt. Wilson Contrib. No. 116, 1915, (1-92). 

3 Ibid., page 87. 

4 Bailey, S. I., Ann. Obs. Harvard Coll., Cambridge, 38, 1902, (1-252), page 5. 


5 Bailey, S. I., Astr. and Astroph., Northfield, Minn., 12, 1893, (689-692). 
* Shapley, H., loc. cit., and Observatory, London, 39, 1916, (452-456), page 456. 





! 
f 
| 


2 ae set Spe at Eten 








ANTHROPOLOGY: L. SPIER 


ZUNI CHRONOLOGY 
By Leslie Spier 


AMERICAN MUSEUM OF NATURAL HISTORY, NEW YORK 
Communicated by H. F. Osborn, February 19, 1917 


In connection with ethnological studies in the southwestern United 
States, the American Museum of Natural History is conducting an 
archeological survey of the same area. This provides the necessary 
background for a complete understanding of the ethnography of the 
region. While much energy has been expended in the Southwest, chief- 
ly on the description of cultures, little progress has been made in the 
delineation of its culture-history through want of a chronology for the 
region. 

The problem takes definite form when related to the ethnologic 
study of the social structure of the Zufii tribe now being made by Prof. 
A. L. Kroeber of the University of California. It is conceivable, for 
instance, that a far-reaching effect may have resulted from the concen- 
tration of the Zufiis into a single huge community from their several 
villages of early historic times (the famous ‘Seven Cities of Cibola’). 
What can archeological method tell us of the former groupings of these 
people, of their ultimate origin and their relations with other peoples? 
The answer to the problem rests on the establishment of a chronology 
which will order the confused mass of cultural data into a culture- 
history. 

The possibility of attacking the problem in the vicinity of Zuiii itself 
was made clear by the richness of the finds of the Hemenway expedition 
of 1888 under Cushing, Bandelier, and Hodge, by a later hasty recon- 
noissance of the region by Fewkes in 1890,' and finally by Kroeber in a 
suggestive study incidental to his ethnologic work in 1915 which in- 
dicated the main direction the chronology would take.? The present 
study was undertaken by the writer in the summer of 1916. 

The pueblos of the Zufi tribe occupy a strategic position for the 
study of the Southwest. They lie on the headwaters of the Little 
Colorado River in central western New Mexico, occupying a central 
location in the area. The two great areas of ruined pueblos lie one 
along the northern margin of the Southwest culture province in the 
drainage of the San Juan, the other along its southern margin in the 
Gila and Salt River watersheds. To the east, the occupied villages of 
the Pueblo Indians stretch along the Rio Grande, and from that center 
an extension of the modern culture including Zufi stretches westward 
into northern Arizona. We now have Nelson’s partial chronology of 
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the Tano tribe* and Kidder’s suggested sequences for the Pajarito pla- 
teau‘ and for Pecos pueblo,’ all on the Rio Grande. A chronology from 
the western section of the Pueblo area is therefore a desideratum. 

The procedure involved in this task presents some novel aspects. 
Simultaneously in.1915, N. C. Nelson, A. L. Kroeber and A. V. Kidder 
arrived by three different inductive methods at the same conclusion, 
viz., that the characteristic Southwestern pottery was of the highest 
evidential value for the purpose of reconstructing the sequence of pueblo 
occupation, or, in the widest sense of the term, establishing a chronol- 
ogy. Their methods of reconstruction were respectively stratigraphic 
observation of refuse deposits, the hypothetical ranking of surface finds 
and the observation of concurrent variations, and the hypothetical 
seriation of the several pottery techniques. Of these three methods, 
the advantages rest with the first, but its application in the case of 
Zufi finds was precluded by the shallowness of, the refuse deposits at 
most of those ruins. The writer was therefore led to combine the 
two methods of stratigraphic observations and hypothetical ranking of 
surface finds. 

Where stratigraphic observations could be made it was observed 
that the variable value of one fluctuating pottery type, ‘corrugated’ 
ware (so named for its characteristic plastic decoration), could serve 
as an index of stylistic variations in the whole pottery art. On analyz- 
ing for their type content the samples of potsherds collected from the 
surface of ruins for fifty miles up the Zufii valley and from their refuse 
deposits, it was found that the resulting data fell into two groups. In 
both groups corrugated ware was present in the samples in amounts 
varying from 2% to 60%, but in each group the accompanying wares 
differed in type or in proportions, or both. For instance, samples of 
sherds collected from two ruins showed corrugated ware present in 
each to the extent of 40% of the whole pottery art, but associated with 
this at one ruin was 60% of a white ware, while at the other 23% of red 
ware and but 37% of white were found. For synthetizing these data 
we had at hand three premises: some of the ruins were claimed by the 
Zufi as their former villages and others were so mentioned in historic 
records, the whole group of ruins stand somewhat isolated from other 
groups in the Southwest, and finally, the decorations on the pottery 
found in them had sufficient individuality to set off the whole group 
from the rest of the Southwestern ruins. 

To synthetize these data we had two guides. It became clear while 
making stratigraphic observations at the historic ruins that while cor- 
rugated ware is represented to the extent of only 2% in historic ruins 
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and in modern Zufi, it had played a larger réle in the pottery art of 
_earlier times. Similarly, the oldest remains in the valley showed an 
analagous variation in the use of corrugated ware, but in the opposite 
direction suggesting its coming predominence at a later period. Assum- 
ing then that we had here the end and the beginning of a stylistic pulse 
—an assumption made strongly presumptive by observed sequences in 
other sections of the Southwest—we ranked the data according to the 
ascending values for corrugated ware up to the maximum and then 
in descending order to the values for the recent villages. The validity 
of such procedure lies in the observed seriation of the accompanying 
wares: when a series of three or more distinct, but mutually dependent 
values are ranked according to some postulated sequence for one, and 
the other values are found to present serially concurrent variations, it 
may be safely concluded that the result is other than fortuitous. The 
results in this case amply justified the assumption. The fluctuations 
in the ceramic art of the Zufii thus stand revealed and are directly 
translatable in chronological terms. 

The results obtained from the application of this chronology were 
the following: 

1. The chronological scale itself shows a sequence of the pottery 
types, or rather of the predominating wares in the order of white, cor- 
rugated, red, black, and with the last buff and white. Of these black 
is a dull unsliped ware, corrugated shows the familiar indented coils, and 
the decorated wares are black-on-white, black-on-red, black and white- 
on-red, brown-on-buff, and brown and red-on-buff, and the modern 
varieties of white ware. The sequence of the techniques parallels 
Nelson’s for the Tano ruins in its general outlines: two color and later 
three color painted ware, two color glazed ware, three color combina- 
tion glazed and painted ware, and modern painted wares, with corru- 
gated ware appearing at all times and black ware in later periods. 

2. The Zufi valley has been occupied continuously from an early 
period. The occupation has been transitory, no site being occupied for 
any considerable period. Certain major shifts of population are observ- 
able however: first to the northeast and east barely crossing the continental 
divide, later a return to the Zufi basin still occupied by the Zuiiis. 

3. The Zujfis first occupied single houses and later communal dwell- 
ings o the well-known Pueblo type. The former are uniformly small, 
the latter rectangular or circular structures of considerable extent. It 
is not clear that the first type developed into the communal dwelling. 

This sequence of architectural types has been often postulated by older 
writers, but never proved. 
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The problem has then found a partial solution, inasmuch as we have 
traced the growth of Zufii communities and the ancient isolated char- 
acter of their habitat. On the other hand the evidences for cultural 
isolation lie only in the development of such items as pottery designs of 
specifically Zufiian character, the general nature of their culture-history 
as a whole showing a common growth with their Rio Grande neighbors. 

The few data now at hand for the Southwest suggest a marked uni- 
formity of culture throughout that area from the earliest times, with 
the gradual individualization by the several tribes of certain minor 
culture traits. 

Whatever its specific results, this study has shown that the method 
of assumed seriation can be applied to archeological phenomena. So 
far as the method is concerned, the novelty lies in its application to 
American culture-history. ‘ 

The full data will be published in the Anthropological Papers of the 
American Museum of Natural History. 


1 Fewkes, J. W., J. Amer. Ethn. Arch., Boston, 1, 1891. 

2 Kroeber, A. L., Anthrop. Papers Amer. Mus. Nat. Hist., New York, 18, 1916; these 
ProceEpincs, 2, 1916, (42-45). 

* Nelson, N. C., Amer. Anthrop., N.S., 18, (159-180). 

4 Kidder, A. V., Memoirs Amer. Anthrop. Assn., 2, (407-462). 

5 Kidder, A. V., these PROCEEDINGS, 2, 1916, (119-123). 


THE AGE OF THE BOLIVIAN ANDES 


By Edward W. Berry 


GEOLOGICAL LABORATORY, JOHNS HOPKINS UNIVERSITY 
Communicated by H. F. Reid, February 26, 1917 


During the joint explorations of Messrs. J. T. Singewald, Jr., and B. 
L. Miller in South America extending over several months in 1915 fossil 
plants were collected at two localities in the highlands of Bolivia. One, 
an entirely new locality at Corocoro' near the western edge of the alti- 
planicie or high plateau of Bolivia and the other at Potosi in the Cor- 
dillera Real or Eastern range of the Andes, from which fossil plants had 
previously been described by both Engelhardt? and Britton.* 

In the series of volcanic tuffs which contain the fossil plants at the 
latter locality and from a slightly lower level a few marine fossils were 
collected and as the age of these tuffs has never been determined and as 
they throw an unexpected light on the age of the eastern range of the 
Bolivian Andes and of the extensive mineralization of that region a brief 
preliminary announcement seems desirable. 

Although the textbooks tell us that the Andes date from Cretaceous 
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times the evidence is accumulating that their final elevation was only 
accomplished in the. late Tertiary or even in the Pleistocene and there 
is some evidence that this upward movement is still going on. Thus 
Steinmann considers the dioritic rocks of the copper belt as of late Ter- 
tiary age and Stille* states that the uplift of the eastern cordilleras in 
Colombia must have been in the late Tertiary because of the part taken 
in the movement by the Miocene Honda beds. Neither Engelhardt nor 
Britton in their studies of the fossil plants from Potosi venture beyond 
Tertiary in their age determinations. In my own work I have always 
regarded this flora as probably of Pliocene age because of its resemblance 
to the existing flora in this general region. The collections made by 
Singewald and Miller but emphasize the opinion that the flora is very 
young and I am not yet sure that it will not eventually have to be con- 
sidered Pleistocene. 

More spectacular than the floral evidence is that of the fauna which 
is found in the same series of tufaceous materials at a somewhat lower 
level. The only determinable form is a new species of Discinisca which 
has been determined by Professor Schuchert, who will describe it in the 
final report on this region. Professor Schuchert states that this form 
is related to the existing Discinisca lamellosa (Broderip) which is found 
in shallow water along the west coast of South America from Panama 
to Chile, and that it cannot be older than Miocene and may be Pliocene 
or Pleistocene. 

The extreme youthfulness of these beds indicated by the Brachiopod 
and confirmed by the more extensive evidence furnished by the flora 
shows that the sea deposited a part of these strata in late Tertiary or 
Pleistocene time and since that time there has been differential vertical 
movements amounting to a minimum of 13,500 feet. 

The fossil plants denote a much more humid climate than prevails 
today in this region. For example at Corocoro which now lies at a little 
over 13,000 feet above sea level, the country is practically a treeless 
desert. The fossil plants from this locality include a fern (Polystichum), 
fruits of Terminalia and Copaifera, both tropical trees of the eastern 
subandean hills and Amazon Basin; leaves of Mimosa arcuatifolia Engel- 
hardt, Mimosites linearis Engelhardt, Acacia uninervifolia Engelhardt, 
and Cassia ligustrinoides Engelhardt, the last four common to Potosi 
and suggestive of the existing deciduous forests of the so-called Pan- 
tanales region of the eastern plains of Bolivia. 

If the moisture carrying winds were from the east at that time as they 
are at the present time, the lowering of the eastern Andes would enable 
such a flora to flourish in the present inter montane region. 
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The flora from Potosi is extensive and not yet fully elaborated. It 
includes about sixty species and the following genera are represented: 
Acacia, Acrostichum, Amicia, Caesalpinia, Calliandra, Capparis, Cassia, 
Copaifera, Cuphea, Dalbergia, Desmodium, Drepanocarpus, Enterolo- 
bium, Escallonia, Euphorbia (?), Festuca, Gaylussacia, Gymnogramme, 
(?), Hedysarum, Inga, Lomariopsis, Lonchocarpus, Machaerium, Mi- 
mosa, Mimosites, Myrica, Myrteola, Passiflora (?), Peltophorum, Pithe- 
colobium, Platipodium, Poacites, Podocarpus, Polystichum, Porliera, 
Ruprechtia, Sweetia, Terminalia, and Weinmannia. 

A perusal of these genera, already recognized, is sufficient to convince 
any botanist or indeed any visitor to the region, that this flora is very 
different from that now found in the Potosi region. While the botanical 
exploration of the present Bolivian flora leaves much to the future it 
is obvious that if we seek for representatives of this fossil flora in the 
recent flora of Bolivia, nearly all the genera are to be found represented 
in the more or less well watered country east of the present eastern range, 
and particularly on the lower eastern slopes. Moreover most of the fos- 
sil species are very close to still existing species of the latter region and 
this resemblance is so close that I cannot conceive of this flora being 
older than Pliocene. 

There is then definite evidence that parts of the high plateau and of 
the eastern Cordillera stood at sea level in the late Tertiary. 


1 Singewald, J. T. Jr., and Miller, B. L., Engin. Min. J., New York, 103, 1917, (171-176). 

2 Engelhardt, H., Dresden, Sitz-Ber. Isis, 1887, Abh. 5, (36), 7 figs.; Ibid., 1894, Abh. 
1, (1-13), 1 pl. 

* Britton, N. L., New York, Trans. Amer. Inst. Min. Engin., 21, 1893, (250-259). 

‘Stille, H., Geol. Studien im Gebiete des Rio Magdalena, von Kénen Festschrift, 1907, 
p. 356. 


LARGE CURRENT-RIPPLES AS INDICATORS OF PALEOGEOGRAPHY 


By Walter H. Bucher 


DEPARTMENT OF GEOLOGY, UNIVERSITY OF CINCINNATI 
Communicated by J. M. Clarke, January 28, 1917 


In the Eden and in parts of the Richmond Group (Upper Ordovician) 
large ripples, measuring 50 to 150 cm. from crest to crest, are rather 
common throughout the region of the Cincinnati Anticline, in Kentucky} 
Indiana,? and Ohio.* From a careful study of very numerous rippled 
layers of these formations in southwestern Ohio and north-central 
Kentucky, of 13 rippled layers in the Brassfield formation of east-central 
Kentucky‘ and of one in the Blackhand formation (Mississippian) of 
eastern Ohio,** the following data were obtained: 
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1. The crests of all large ripples are broadly rounded like the troughs. 
More than half of all seen in limestones of the Ordovician and Silurian 
of the Cincinnati Anticline were more or less symmetrical; the others 
are distinctly asymmetrical. ; 

2. Not one showed any sign of assortment. Shells of Rafinesquina, 
over 5 cm. long and wide, Bryozoans 8 to 10 cm. long and over 1 cm. 
thick, and, in the Richmond, calices of Streptelasma, over 10 cm. 
long and over 3 cm. wide are found scattered equally over crests, sides 
and troughs of the ripples, mixed in a most any proportion with finer 
shell fragments down to the finest matrix filling the interstices. The 
same broadly rounded, symmetrical crests with complete absence of 
assortment of any kind.were observed in ripples measuring 145 cm. 
from crest to crest in the conglomeratic Berne member of the Black- 
hand formation. Here, pebbles of +0.5 cm. diameter are uniformly 
mixed with coarse and fine sand. 

In the growth of oscillation ripples, the to and fro motion of the 
oscillating current produced by waves on the bottom of a water body 
involves a constant tossing of the grains. This results in a sifting 
and complete assorting of the grains. Its absence in the large ripples 
in question proves that they have not formed by the action of waves, 
but-of some current. Clues to its nature are found in the following 
observations. 

3. In Kentucky the Brassfield formation of the Silurian east of the 
Cincinnati Anticline shows one or two rippled layers within its 18 feet 
of thickness. West of it no traces of ripples were found according to 
Foerste.* The ferruginous oolitic facies of the same formation is also 
limited to the east side of the anticline, extending over a distance of 
nearly 120 miles from Madison County, Kentucky, to Clinton County, 
Ohio, in a belt running roughly north-south (perhaps slightly east of 
north). On the west side of the Anticline nothing but a salmon brown 
color of the limestone betrays the (relative) neighborhood of ferruginous 
deposits.* From this the inference appears justified that the shore- 
line of the Brassfield sea was somewhere to the east with a general north- 
south trend. 

Of the 13 measured exposures of rippled layers in the Brassfield, 
ranging over a distance of nearly 50 miles, 12 showed directions of strike 
between N 50 W and N 110 W, averaging N 76 W, i.e., at right angles 
to the direction of the assumed shore-line. The current, therefore, 
must have run parallel to this shore-line. This excludes the undertow 
and similar currents from discussion. 

4. Large current-ripples are found only on rocks of relatively coarse 
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grain, as conglomeratic sands (Blackhand formation) or fragmental 
limestones, never on fine-grained sediments, e.g., on dense blue argil- 
laceous limestones. These are, however, frequently covered with small 
current-ripples, ranging in wave-length from 1 to 30 cm., and are often 
interstratified with fragmental limestones of coarse grain covered with 
large ripples and separated from them only by thin layers of shale. 
The calcareous layers show delicate tracks of gastropods or trilobites 
well preserved which practically exclude any current action. 

This seems to indicate that the current in question varied in intensity 
from a maximum to nil, in relatively short intervals. The finer sedi- 
ments could record only the weaker movements, as stronger currents 
would have thrown them into suspension. 

5. In the Ordovician, I have repeatedly found large asymmetrical 
ripples on two successive limestones, not more than a foot apart, with 
nearly the same strike, but with their lee sides facing in opposite direc- 
tions. The current, therefore, reversed its direction in relatively short 
intervals. 

Observations 4 and 5 exclude ocean currents of larger dimensions, 
while they point consistently to tidal currents. These, too, are the 
only marine currents, flowing parallel to the shore-line, in which veloci- 
ties of at least 1 m/sec., which seem necessary to produce the effects 
observed, are found over large areas. 

In 1901 Cornish’ described from the English Coast large current- 
ripples corresponding closely to those observed in the fossil state. On 
open shores, such as at Mundsley (Norfolk, p. 183), above the mouth 
of Barmouth Estuary (p. 173), or especially on the Goodwin Sands 
(p. 189), about six miles off the shore of Kent, these tidal ripples in- 
variably trend at right angles to the shore, often at right angles to the 
waves. On the open shore, too, their wave-length is the same as that 
of most large Paleozoic ripples, while those observed in estuaries, where 
the velocity of the tidal current is greatly increased, have a greater 
wave-length. 

I therefore infer that the large current-ripples described were pro- 
duced by tidal currents. Those of the Brassfield formation in Ken- 
tucky offer a direct analogy to those of the English Coast. 

The ripples of the Lorraine and Richmond Formations, however, 
offer an additional problem. 

1.-They are not limited to a relatively narrow zone in the neighbor- 
hood of the shore, but formed (probably more or less synchronously) 
throughout the area of the Cincinnati Anticline, that is, over an area 
of at least 15,000 square miles and probably much more. 
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2. They trend in all directions, although a north-south trend is more 
common than an east-west trend. 

At first sight this seems to offer a serious objection to my interpreta- 
tion, since in open waters the direction of the current passes through 
all the points of the compass in the course of twelve hours, which would 
render the formation of permanent ripples impossible. The following 
observations, however, offer a clue to this problem. 

In 1881 Hunt visited the broad open gulf of Torbay on the south 
shore of Devonshire two weeks after a heavy storm. In Midbay, at 
a depth of over 12 meters, where the bottom usually is a soft muddy 
sand that clogs the dredge in a few minutes, he found the ground hard, 
producing “‘not a single’shell or a particle of the usual muddy sand.”’ 
Four weeks after the storm “the ground was still very hard, both the 
dredge and a fishing-lead tied to a line bumping along as though over 
ridges.” Over six weeks after the gale the same spot had returned 
to its normal state. 

Similarly, Cornish® found Pegwell Bay (Kent), in which ordinarily 
the tide never produces anything but small current ripples, covered 
with large tidal ripples after a heavy gale blowing into the bay. 

These observations indicate that the drift produced by periods of 
storms may so strengthen the tidal current as to produce large current 
ripples. This I suggest as the probable origin of our large Eden and 
Richmond ripples. 

The ripples observed by Hunt formed at a depth of over 12 meters 
with a tide of over 2 meters. In open waters the range of the tides and 
the velocity of the resulting currents would be much smaller than in the 
channel. With gales of similar strength, therefore, the same mechanical 
effect of the currents would be possible only at a much smaller depth of 
water. Allowing, however, forextreme conditions, wemay safely say that 
it is probable that our Ordovician ripples formed in water less than 25 
meters deep rather than more. The Persian Gulf offers an interesting 
analogy. With an area of about 90,000 square miles, it has a mean 
depth of but 25 meters.1° The tidal range along all its shores is 3 to 
3.75 meters." 

The fact that at least three independent factors must combine for 
the production of these ripples, namely sufficiently strong tidal action, 
storms, and small depth of the water, explains why such large current 
ripples are not found in other seas, the sedimentary record of which 
is otherwise almost identical; e.g., certain parts of the Middle Triassic 
Muschelkalk of Western Europe. 
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A fourth factor of no less importance is brought out by consideration 
of the following facts: 

1. The formations of the Upper Ordovician consist essentially of the 
following sedimentary units, interstratified in irregular order: (a) Cal- 
careous shale, varying from highly fossiliferous to barren. (b) Dense, 
blue, argillaceous limestones, mostly barren (except in many cases the 
surfaces of the layers). (c) Fragmental limestones, varying from fine- 
grained to regular shell breccias. 

2. None of these units have a great horizontal extent, i.e. all formed 
simultaneously on different parts of the sea bottom. 

3. The shale may have any thickness, while the limestones are seldom 
over one foot thick. 

4, Single valves of brachiopods and isolated joints of Crinoids are 
common in the shales. 

5. The dense argillaceous limestones almost always show delicate 
cross-bedding. 

6. Current-rippled fragmental limestones are always overlain by 
shale. 

7. In fragmental limestones thin and delicate shells and skeletons are 
commonly found broken, but the fossils in general show little wear. 

8. Large current-ripples are found in such formations as show a 
predominance of shale over limestones, e.g., the Eden and parts of the 
Richmond formations. They are absent, however, where limestones 
predominate, especially in the Fairview and McMillan formations. 

9. Fragmental limestones dominate in the Fairview and McMillan 
formations and show ample evidence of a stirring of the sediment, often 
of violent character, as e.g., the Rafinesquina breccias of the Bellevue 
horizon. 

From these data I conclude that the typical sediment of the Upper 
Ordovician seas in the region which now forms the Cincinnati Anticline 
was a clay with an abundant animal population, varying in density 
from place to place. The almost constant agitation of the sea bottom 
(obs. 4 and 5) furnished the fine shell powder which mixed with the 
clay, gives it its calcareous character.!* Densely populated areas 
supplied it, especially after periods of storms, to adjoining areas of 
scarce population in sufficient quantity to form argillaceous limestones. 
This areal relation explains why argillaceous limestones are generally 
poor in fossils if not entirely barren. 

During exceptional periods of storm many feet of the muddy sedi- 
ments were thrown into suspension. In order to cloud water 20 to 
50 meters deep with sediment, as has been observed repeatedly in the 
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channel and on the banks of Newfoundland®, a considerable thickness 
of sediment must be stirred up. The heavier particles, shells and skele- 
tons, however, are concentrated on the bottom, drifting with the cur- 
rent and eventually thrown into large current ripples. The relatively 
short duration of this current action explains observation 7. The sus- 
pended clay settled later, forming the layer of shale overlying the rip- 
pled limestone layers (observation 6). Since the thickness of sediment 
which could be thrown into suspension during such storm periods is 
limited, the thickness of the resulting fragmental limestone is limited, 
while shale on shale could accumulate indefinitely as long as no abun- 
dant animal population settled on it (observation 3). The rippled layers 
were preserved if sufficient shale was added between two exceptional 
storm periods to prevent the stirring of the sediment from reaching 
down to it. A decrease of the clay supply, however, would reduce the 
rate of sedimentation and allow ordinary storm waves to expose the 
tragmental layer, which, under the action of the shifting normal tidal 
current, would suffer a surficial redistribution of material, resulting 
in complete leveling of the surface. A sufficient rate of sedimentation 
must, therefore, be considered as a fourth factor determining the forma- 
tion of large current ripples (observation 8). 

From the above it follows that the rough rhythm of sedimentation, 
shown by the recurrence of fragmental limestones between shales and 
argillaceous limestones, is due to the interference of two, probably not 
strictly periodic processes: the shifting of the centers of animal popula- 
tion on the sea bottom and the occurrence of storm periods of excep- 
tional violence. 

If the interpretation presented above is correct, the geographic con- 
ditions indicated by the large current ripples of the Upper Ordovician 
of the Cincinnati Anticline may be summarized as follows: 

1. A sea having sufficient connection with the open ocean to allow 
relatively high tides. 

2. Sufficient area to permit the formation of strong winddrifts in 
most directions during periods of storms. 

3. A depth small enough to admit of a strong action on the bottom 
sediments by winddrift and tidal current combined, probably 25 meters 
or less on the average. 

4. Atmospheric conditions providing for the occurrence of storms, 
blowing from all points of the compass, such as tropical cyclones or 
those of intermediate latitudes. 











1 Linney, W. M., Rep. Geol. Garrard Co., 1882, (16); Washington Co., 1882, (10-11); Lin- 
coln Co., 1882, (13); Mason Co., 1885, (8); Bath and Fleming Cos., 1886, (10, 62-69); Shelby 
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Co., 1887, (6). Knott, W. T., Rep. Geol. Marion Co., 1885, (11). Foerste, A., in Kindle, 
E. M., Chicago, J. Geol. Univ. Chic., 22, 1914, (709-711). 

2 Shannon, W. P., Indianapolis, Proc. Acad. Sci., 1895, (53-54). Moore, J., and Hole, 
Ibid., 1902, (216-220). Culbertson, G., Ibid., 1903, (202-205). 

3 Locke, J., Ohio Geol. Surv., 1838, (246). Orton, Rep. Geol. Surv. Ohio, 1, 1873, (377). 
Perry, N. W., Amer. Geol., Minneapolis, 4, 1889, (326-336). Foerste, A., Chicago, J. Geol. 
Univ. Chic., 3, 1895, (50-60, 169-197). Prosser, C. S., Ibid., 24, 1916, (456-475). 

*See Foerste, A., Kentucky Geol. Surv., Bull., No. 7, 1906. 

48 Dr. J. E. Hyde called my attention to this very interesting occurrence. 

5 Foerste, A. F., Amer. J. Sci., New Haven, (Ser. 4), 18, 1904, (321-342). 

5 See Foerste’s Map of the distribution of the facies of the Clinton formation. 

7 Cornish, V., London, Geog. J., 18, 1901, (170-202). 

* Hunt, A. R., On the formation of ripple marks. Proc. Roy. Soc., 34, 1882, p. 4. 

®L. c., p. 190. 

10Supan, A., Grundziige der Physischen Erdkunde, 1911, p. 260. 

11 Kruemmel, O., Handbuch der Ozeanographie, 1911, vol. II, p. 383. See also 
Berghaus, A., Ailas der Hydrographie, 1891, Pl. XX. 

‘ 42To what extent inorganic or organic precipitation may have played a réle I am inno 
position to judge. Observation 7 seems to point to it as a source of finely divided cal- 
ciumcarbonate. 

18 Kriimmel, O., Joc. cit., p. 112. 


THE BEARING OF SELECTION EXPERIMENTS WITH DROSOPHILA 
UPON THE FREQUENCY OF GERMINAL CHANGES 


By Edwin Carleton MacDowell 


STATION FOR EXPERIMENTAL EVOLUTION, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by C. B. Davenport, March 5, 1917 


Biologists generally agree that changes in the germ plasm do occur. 
On the other hand, there appears to be considerable disagreement re- 
garding the frequency of these spontaneous changes. Some experi- 
ments, as illustrated by the work of Pearl, Hj. Nilsson, De Vries, Tower, 
and Johannsen} are more easily analyzed by supposing that changes in 
the germ plasm occur very rarely in comparison with the number of 
generations of individuals studied, so that the origination of new races 
by selection is not generally possible. Other experiments, notably those 
of Castle, Smith, Middleton, and Jennings (on Difflugia),? have been in- 
terpreted as showing that such changes are occurring so frequently that 
they may be found in each generation, and so afford a basis for selection 
to make continuous progress. As long as different experiments lead 
their authors to such different conclusions, no broad generalizations as to 
the scope of the evolutionary significance of selection may be drawn 
without the most intimate and critical consideration of all other related 
investigations, and, accordingly, all additional evidence that may be se- 
cured has an important bearing. 

The familiar Mendelian units are currently conceded to arise sud- 
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denly, as conspicuous changes, or mutations. But the question is not 
settled as to how frequently, after their appearance, further changes may 
occur in these units. It is upon this special phase that the results here 
presented have their bearing. 

Most banana flies (Drosophila ampelophila) have four conspicuous 
bristles on their backs. A mutation occurred which permitted more 
than the normal four bristles to develop in this special region of the back. 
From one pair of flies produced by germ plasm bearing this mutation, an 
extra-bristled race was established (MacDowell)*. This race was distin- 
guished from the normal wild race by one Mendelian unit, as was shown by 
crosses which gave first generations with no extra bristles and second gen- 
erations (F,) in which ene quarter of the flies had extra bristles. The 
number of extra bristles in this race was variable; experiments showed 
that this was largely due to the amount of food eaten during the develop- 
ment of the flies. Large flies, those from flourishing culture bottles, 
had numerous extra bristles, while small flies, those from mouldy, or 
old, dried up cultures, had few, or even no extra bristles. But even 
when no extra bristles developed, these flies, when given fair breeding 
conditions, produced offspring all of which had extra bristles. To dis- 
cover any changes in the inherited basis of this character (extra bristles), 
selection for increased bristle-number was carried on for 49 generations. 
During this time every mating was made between brothers and sisters 
in pairs. Considerably over 100,000 bristle-counts form the basis of 
the following discussion. 

Two conditions must be met before selection can modify the means 
of arace. First there must be genetic differences between individuals, 
and second, these differences must be manifest to some extent in the 
somatic structures of the individuals. In other words there must be 
some tendency for extreme variates to bear extreme germ plasm. 
To measure this relation between soma and germ plasm, the coefficient 
of correlation is especially fitted. It is an expression of the degree of 
similarity existing between parents and offspring. All the data ob- 
tained from the inbred extra-bristled race were cast into tables corre- 
lating the grades of the parents and their offspring in each generation. 
The coefficients calculated from these tables show that there is an un- 
questionable positive correlation between the grades of the parents and 
offspring in the first six generations; the coefficients for these generations 
are statistically significant. In the subsequent generations no further 
evidence of any positive correlation is to be found that has biological 
significance. The coefficients are sometimes plus and other times minus, 
but without any consistency or regularity. In most cases they are not 
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significant in comparison with their probable errors; in some cases they 
are Clearly significant. This means that in most cases there was no 
tendency for high grade parents to have higher grade offspring than low 
grade parents. In individual generations higher parents did produce 
offspring of somewhat higher grade, but then in others higher parents 
actually produced offspring of lower grade than did the lower grade 
parents. These facts indicate great independence between the grades 
of parents and offspring in all but the early generations; they lead one 
to expect to find that the selection of high variates during the early 
generations has modified the means of the race, but that later on the 
same process has failed to make further progress. What actually 
happened is shown in figure 1, which represents the means of the high 
selected race. 
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FIG. 1. MEANS OF THE OFFSPRING FROM 49 GENERATIONS OF SELECTION FOR 
INCREASED NUMBER OF EXTRA BRISTLES 


Due to a change in method the means in generations following the 29th tend to be higher, 
and therefore can not be compared with the preceding ones. 


The means of the males are consistently lower than those of the females, 
but the close parallelism of the curves serves to substantiate the correct- 
ness of the means as descriptions of the different generations. As ex- 
pected, the means steadily rise for the first few generations; after this 
they fluctuate. It will be noted that the highest point in the curves 
appears in the 29th generation; this high point immediately follows the 
removal of the breeding bottles to a constant temperature room in which 
dry summer heat was automatically maintained. Moreover, due to 
a change in method, in the subsequent generations the means tend to 
be higher than those in the generation preceding the 29th. It remains, 
then, to compare the means before and after the 29th, separately. 
Where the means show regular advance, the correlation coefficients 
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are regularly positive and significant; where the means are irregulars 
and seem to depend mainly upon environment, the correlation coefficient, 
are irregular, plus and minus, and in general not statistically significant. 
It is important to understand that this failure of selection can not be 
explained by physical incompatibility in the soma. There is obviously 
plenty of room for many more bristles than are generally found and, in 
a few cases where very rare conditions happened to be experienced by 
individual flies, such extreme grades as 12, 13 and 16 extra bristles have 
been found, whereas the most frequent high extreme is 9 extra bristles, 
and the characteristic mean of the race seems to be 4.75. It may be 
concluded that at first there were differences in the germ plasm of the 
different flies and these, differences were manifest in the somatic ap- 
pearance, even though environment was also causing variations; later, 
due to the selection, such germinal differences between individuals as 
were clearly observed at the beginning were no longer found. 

As further evidence for this conclusion the following experiment may 
be described, which meets the objection that the narrow range of parents 
selected in the later generations might account for the absence of corre- 
lation. Accordingly, selection was suspended for three generations 
and as far as facilities would permit, all the progeny of one pair of flies 
in the 50th generation were bred in pairs for three generations without 
respect to their grades, the only restriction being that matings were made 
of flies of the same or within one of the same bristle grade, and only 
virgin females were used. All the offspring were counted and graded. 
In the second generation of this experiment over 4000 flies were graded, 
in the third generation, 27,000. 

For these generations the correlation coefficients were as follows: 


Males—2d generation, r—0.1436 + 0.0995; 3d generation, r—0.0271 + 0.0391 
Females—2d generation, r—0.1378 + 0.0997; 3d generation, r—0.0221 + 0.0391 


This shows that the higher grade parents did not have any tendency to 
produce higher grade offspring than the lower grade parents, and there- 
fore, that the failure of selection to produce further changes in the means 
of the race, is due to the absence of such genetic differences, as were 
originally present. 

From quite a different source comes evidence that the early genera- 
tions of selection modified the genetic constitution of the race. Start- 
ing from the second selected generation a race of low grade flies was 
formed in one generation by selecting low grade flies as parents. The 
means of this race were entirely distinct from those of the high selected 
race; as the high race rose, this race remained low. Since it is known 
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from the correlation coefficients, that the higher grade flies were pro- 
ducing higher offspring at this time, it is entirely within expectation 
to find that the lower grade flies could produce lower grade offspring. 
On the other hand, when flies of similar low grades were selected from 
the 16th generation of the high selected race, and the selection of low 
grade parents continued for 8 generations as a return selection series, - 
the means of the offspring were not significantly lower than those of the 
corresponding generations in the high selected race. In fact the suc- 
cessful result of selecting low grade parents of the same grades in the 
second generation was not even approximated. The correlation coeffi- 
cients indicated that flies with different grades were not differentiated 
genetically in the 16th generation; these breeding tests support the same 
conclusion. The line from low parents started from the 16th genera- 
tion, was lost after 8 generations; since low grade flies are the smaller 
ones, this selection, besides separating low grade flies, isolated weak ones. 
This accounts for the reduction of vigor and the final loss of the race. A 
second return selection was started from the 27th generation of the high 
race. For three generations the means of this line closely resembled 
those of the high race, but the weakening effect was soon manifest in 
the small numbers of offspring and the lowered means, and shortly, in 
the loss of the race through the failure of the selected flies to reproduce. 

A still further test has been made of the conclusion already stated. 
If the dissimilar genetic behavior of the unselected and the long selected 
flies rests on a sorting out of differences in the germ plasm, it should be. 
possible to bring back these differences by crosses with flies that might 
be supposed to have germ plasm still bearing these differences. Flies 
from the 17th generation were crossed with wild normals; from the extra- 
bristled flies that appeared in the second generation, low grade parents 
were selected. These at once established a low grade race that gave 
means constantly and unquestionably lower than the high selected race; 
no variation in the environment was great enough to confuse them. 
This low race did not show any signs of weakening on account of the 
selection of low grade flies; it was continued for 19 generations and gave 
large families. The reason for this is that all the flies, even the large 
well fed ones, had fewer extra bristles than the flies in the uncrossed high 
selected race; their germ plasm was different. It is very evident that 
the results of this crossing can not be explained on the basis of non- 
genetic physiological causes, as Castle* has suggested may explain the 
very closely parallel results of his crosses with self-colored and hooded 
rats. In spite of-this recent interpretation, it is well to note that Castle 
has given unmistakable evidence that his crosses involved genetic modi- 
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fication. By plus selection from hooded rats that came from a cross 
between the minus selected race and wild, the minus race was immediate- 
ly transformed into the plus race, whereas similar plus selection from the 
minus race without the cross with wild, required 6 generations to move 
the means even up éo the “0” grade. 

There are then, four lines of evidence that support the conclusion that 
selection, in the case of extra bristles has separated genetic differences, 
or units, that existed at the beginning of the experiment, and that did 
not reappear de novo: (1) at first correlation coefficients are constantly 
positive and significant, later they are mainly not significant and fluctu- 
ate between positive and negative; (2) selection advances the means at 
first, later it does not; (3) before selection makes its advance, return, or 
low, selection separates a distinct race, while afterwards, the same pro- 
cedure fails to accomplish the same result, however, (4) if a cross with 
normal precedes, the low selection becomes as effective as it was at the 
beginning. 

As the material under discussion does not constitute a pure line in 
any sense, the conclusions drawn do not have any immediate bearing 
on the pure line theory. Moreover, environment plays such a con- 
spicuous role that nothing positive can be said about any hypothetica 
variations in the germ plasm that may be hidden by variations in the . 
environment, and accordingly be too small to be determinable. It may 
be suggested that if the environment were not such a controlling factor, 
or if it were possible to reduce the variability of the environment, smaller 
changes in the germ plasm might be discovered. This claim may be 
made for any work in selection that could be imagined; no failure of 
selection, however stationary the environment may seem to be, can 
escape this claim, namely that variations in the germ plasm may be 
taking place, although they are not distinguishable in the soma. The 
claim may be made, but it will give neither the breeder, nor natural selec- 
tion any opportunity to make progress. It appears that instead of 
offering a fatal objection to the work here reported, the evident environ- 
mental factor serves well to emphasize the utter futility of attempting 
to deal in theory or fact with supposed germinal phenomena that can 
never be demonstrated or utilized. The variations in environment 
commensurate with the viability of the fly are great, but they do not 
hide the fact that there are germinal differences in regard to the numbers 
of extra bristles; they do not hide the fact that two races may be raised 
at the same time under the same conditions and maintain their individ- 
uality; nor do they explain the fact that after selection has made a cer- 
tain amount of progress it is no longer possible to raise the means of 
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the race any further and no longer possible to separate two distinct 
races by selection without a cross with normal. 

The conclusions that logically follow from the preceding discussion 
are that (1) extra bristles are primarily occasioned by one germinal unit 
and further influenced by other germinal units, and (2) that no change 
that could have either evolutionary or practical significance has oc- 
curred in these units during the 50 generations of the experiment. 


1 Pearl, R., J. Exp. Zool., Philadelphia, 13, 1912, (283-394); Nilsson, Hj., see De Vries, 
Plant Breeding; De Vries, H., The Mutation Theory; Tower, W. L., Washington, Pub. Car- 
negie Inst., No. 48; Johannsen, W., Elemente der Exacten Erblichkeitslehre. 

2 Castle, W. E., and Phillips, J. C., Washington, Pub. Carnegie Inst., No. 195; Smith, 
L. H., Univ. Ill. Agric. Exp. Sta. Bull., No. 128; Middleton, R., J. Exp. Zool., Philadelphia, 
19, (451-503); Jennings, H. S., Genetics, Cambridge, 1, (407-534). 

® MacDowell, E. C., J. Exp. Zool., Philadelphia, 19, (61-98). 

‘Castle, W. E., and Wright, S., Washington, Pub. Carnegie Inst., No. 241. 


PRESSURE PHENOMENA ACCOMPANYING THE GROWTH OF 
CRYSTALS 


By Stephen Taber 


DEPARTMENT OF GEOLOGY, UNIVERSITY OF SOUTH CAROLINA 
Communicated by J. C. Branner, February 26, 1917 


Under suitable conditions crystals grow in directions in which growth 
is opposed by external force. This fact appears to have been first 
observed by Lavalle in 1853. It was denied, however by Kopp, who, 
after making certain experiments, stated that he was never able to ob- 
serve anything tending to confirm the view that a crystal can raise it- 
self in order to grow also on the side on which it rests.2 Subsequently 
the observations of Lavalle were confirmed by Lehmann? and others. 

Becker and Day seem to have made the first attempt at determining 
the magnitude .of the force developed during crystal growth. In their 
experiment, a crystal of alum supporting a weight was covered with a 
saturated solution of alum, and supersaturation was induced by evap- 
oration. The crystal increased in size through growth on the lateral 
exposed faces which were also extended downward, thus lifting the 
crystal together with its load. The deposition of new material on the 
lower surface was restricted to the periphery, so that a hollow face was 
gradually formed by the downward extension of the new growth, and 
the crystal rested on a very narrow outer rim. The area of this rim was 
determined with difficulty, but repeated measurements led to the con- 
clusion that “the force per unit area which the crystals exert 
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is of the same order of magnitude as the ascertained resistance which 


994 


the crystals offered to crushing stresses. 

In 1913 Bruhns and Mecklenburg published a paper® in which they 
claim to have repeated the experiment of Becker and Day with nega- 
tive results. In a reply to this paper Becker and Day explain the dif- 
ferent results obtained by Bruhns and Mecklenburg as due to the fact 
that the original experiment was not duplicated. This conclusion 
was reached independently by the present writer.’ By placing an un- 
loaded crystal in the same solution with the loaded one supersaturation 
with respect to the supporting surface of the loaded crystal was prevented. 

Bruhns and Mecklenburg* (pp. 106-108) describe another experiment 
in which the crystallization of chrome alum resulted in raising porcelain 
fragments, loaded with weighted beaker-glasses, but they thought it 
essential that evaporation be carried to completion. .The elevation of 
these beakers and similar evidences of pressure phenomena accompany- 
ing crystal growth they attribute to the “forces of adsorption and 
capillarity” and not to a “force of crystallization.” Becker and Day 
show that in this experiment the lifting action occurs in spite of capil- 
lary attraction rather than because of it, and that adsorption merely 
diminishes the rate of growth by delaying diffusion.*® 

As a result of their investigations Becker and Day conchde: (1) that 
there is ‘a linear force, apart from the volume expansion, exerted by 
growing crystals;” (2) that this force enables them to grow in directions 
in which growth is opposed by external force “notwithstanding unre- 
stricted opportunity for growth in other directions; and (3) that the 
linear force thus exerted is of the order of magnitude of the breaking 
strength of the crystal.’ “The crucial experiment [briefly described 
above] offered in support of this conclusion” is not, in the opinion of 
the present writer, decisive. It is significant that no growth occurs on 
the upper face of the crystal although it is subjected to less pressure than 
the lower face, and crystallographically both are the same. The eleva- 
tion of the crystal is due to the fact that it rests directly on a thin layer 
of solution which is supersaturated by diffusion from without; and in 
this experiment the solution at the bottom of the crystallizing dish is 
of higher concentration than elsewhere. Furthermore, the effect of 
expansion in volume is not eliminated in this experiment, for alum 
separates from solution with increase in volume. 

A crystal is enlarged through the addition of layers of material to its 
outer surfaces, and this takes place when these surfaces are in contact 
with a supersaturated solution. A very thin coating of impervious 
material is sufficient to prevent crystal growth. In the Becker and Day 
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experiment the supporting edges of the crystal rest directly on a thin 
layer of solution which is therefore under pressure. Now pressure tends 
to reduce the thickness of the supporting film to a minimum. With 
perfectly smooth parallel surfaces the minimum thickness of the separat- 
ing film is perhaps equal to the diameter of the space occupied by a 
molecule of the liquid, and this is probably approximated in the present 
case, for deposition would be most rapid where the thickness of the 
supporting film is greatest. It would require great pressure to com- 
pletely expel the solution from such a narrow space, and, if the solu- 
tion is thus excluded, growth in a vertical direction would cease. The 
fact that this growth continues is proof that the solution is not expelled 
from under the crystal. Therefore when alum separates from solution 
and is added to the base of the crystal, the accompanying increase in 
volume must result in some elevation, irrespective of other causes. 

The cavity or hollow formed on the under side of crystals in the ex- 
periment described above results from malnutrition, due to the slow 
rate of diffusion under the crystal as compared with the relatively rapid 
growth in other directions. The writer succeeded in eliminating this 
cavity by supplying the supersaturated solution through capillary open- 
ings under the base of small crystals. Since new material can be 
added only at the base, its area remains small and tall slender columns 
are formed. 

The pressure phenomena observed during the growth of crystals have 
been attributed by the present writer ‘“‘to the molecular forces associated 
with the separation of solids from solution and to the attraction and 
orientation of the physical molecules as they are brought into position 
on the surface of a growing crystal’” (pp. 553-554). He suggested “that 
the force is due chiefly to the expansion in volume which accompanies 
the separation of most solids from solution, for, as yet, he has obtained 
no pressure effects during the crystallization of substance: that separate 
from solution with decrease in volume.’”° Recently, however, he has 
obtained definite evidence of pressure accompanying the crystallization 
of ammonium nitrate.!!_ The experiment is decribed below. 

A cup of porous porcelain was placed bottom up in a small jar half 
full of a concentrated solution of ammonium nitrate, and a piece of paraf- 
fine-coated card-board, cut to fit snugly around the cell, was cemented 
with paraffine to the top of the jar and to the walls of the cup. The 
jar was then placed in a desiccator containing calcium chloride, and al- 
lowed to stand undisturbed for nine months. The solution was drawn 
by capillary attraction to the upper and exposed walls of the cup where 
a crust was gradually formed by evaporation, but this crust was en- 
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larged chiefly or entirely through the addition of new material to the 
outer exposed surfaces, the solution reaching these surfaces through 
capillary pores in the crystalline mass. Under the card-board, how- 
ever, a few long acicular crystals were formed on the surface of the cup, 
and these were gradually pushed outward by the addition of new ma- 
terial to their base. At one place the solution penetrated the card- 
board which was gradually split apart by the slow growth of a lens- 
shaped veinlet of finely crystalline salt about 3 mm. in thickness. The 
cup was not broken as in similar experiments with certain other salts 
that separate from solution with increase in volume. 

The pressure phenomena observed in this experiment are explained 
as follows: Crystallization is retarded or prevented in supersaturated 
solutions which occupy small capillary or subcapillary spaces; therefore 
crystals may be supplied with material for growth by diffusion through 
solutions occupying such spaces, and the increase in volume due to the 
entrance and deposition of new material must result either in the ex- 
pulsion of part of the solution or in the enlargement of the space occu- 
pied by the growing crystals. If the spaces occupied by the solution 
are relatively large, the solution will be gradually expelled as crystalline 
matter is deposited in its place, but, on the other hand, if the spaces are 
sufficiently small, less force may be required to enlarge the space occu- 
pied by the growing crystals than is necessary to expel the solution. 
The diffusion of a solid through a solution and its separation therefrom 
are attributed to osmotic pressure and the relation between osmotic 
pressure and solution pressure. According to the writer’s theory, the 
force observed in this experiment with ammonium nitrate is analogous 
to the pressure developed when an anhydrous salt, confined in a limited 
space, combines with water that has diffused as vapor through capillary 
openings.’? 

Molecular attraction between solid and liquid causes the thin layer 
of solution in contact with a crystal to adhere to it; and this contact 
film, on account of adsorption, is of different concentration from the 
bulk of the solution. Enlargement or solution of a crystal is brought 
about by the diffusion of dissolved substance across this layer. When 
the solution in contact with a crystal surface is supersaturated with 
respect to that surface, new material is deposited on the crystal, thus 
forcing the contact film to move outward from the growing crystal. If 
this film approaches a foreign body, growth in that direction is gradually 
retarded as the space through which diffusion must supply new material 
becomes more limited. Consequently growth will be more rapid in 
other directions, providing diffusion is not similarly restricted, and the 
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crystal will tend to surround the foreign body. Deposition of material 
between the crystal and the foreign body will continue, however, as long 
as diffusion can maintain supersaturation in the solution occupying this 
space; and, with continued crystal growth, the contact film must con- 
tinue to be displaced. When this film comes in contact with the foreign 
body, any further growth must result in either (1) the displacement of 
the foreign body or (2) the rupture and expulsion of the film; and the 
outcome will depend on the resistance offered by the foreign body, the 
dimensions of the space occupied by solution and the mutual attraction 
between the molecules of the liquid and solids. 

If the crystal is of a substance that goes into solution with decrease in 
volume, increased pressure will make it more soluble, thus increasing 
the degree of concentration requisite for further growth; but for those 
salts that have been tested a large change in pressure is required to pro- 
duce an appreciable change in solubility. If the solubility of the foreign 
body is increased by pressure, it may be gradually removed in solution 
as the growing crystal replaces it. 

The tendency of a crystal to assume a regular polyhedral form is im- 
portant as a factor in the development of pressure during crystal growth 
only in so far as it affects the relative solubility of the crystal in different 
directions. A crystal growing in a solution of uniform concentration 
tends to build that form which is the least soluble under existing condi- 
tions, or, in other words, for which the total surface energy is a minimum. 
If the surface tension were the same in all directions this form would 
be a sphere, but in crystals the surface tension differs in different direc- 
tions, or, on different faces, and is the same only on faces that are crys- 
tallographically the same. A solution that is in equilibrium with the 
flat face of a crystal will be supersaturated with respect to a concavity 
on the face and undersaturated with respect to a convexity. When a 
crystal having a concave face or an artificially truncated angle is placed 
in a solution of uniform concentration which is kept saturated with 
respect to the normal crystal faces, growth may be limited to a single 
direction until the imperfection is repaired, but growth can not con- 
tinue indefinitely in a single direction as the superficial area and hence 
the surface energy would increase too rapidly in proportion to the volume. 
The variation in the solubility of a crystal in different directions is 
slight, and therefore it is probable that the difference is small in the 
pressure that may be developed in different directions by a growing crystal 
in contact on all its surfaces with a solution of uniform concentration. 
The surface tension on the different faces of a growing crystal probably 
depends on many factors, such as, the number of molecules per unit 
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area, their structure and orientation, pressure, temperature, and the 
composition of the solution. Hence, different faces may develop under 
different conditions of growth. 

Most of the phenomena hitherto cited in support of the hypothesis 
that there is a ‘linear force of crystallization’ are to be explained by the 
fact that the growing crystals have been in contact with a supersatu- 
rated solution in only one direction or that the concentration of the solu-. 
tion has been greater in one direction than in others. It is probable that 
the pressure effects observed during crystallization are due chiefly to the 
separation of solid matter from solution rather than to the growth of 
crystals, and, under favorable conditions, the pressure developed in this 
way may greatly exceed the crushing strength of the substance. 

Crystals grow in directions in which external forces oppose growth 
whenever the surfaces under pressure are in contact with a film of super- 
saturated solution, and it is possible to supply the material for growth 
by slow diffusion through subcapillary spaces, as great resistance is 
offered to the expulsion of solution from such openings. The conditions 
requisite for the growth of crystals under pressure commonly obtain in 
the rocks of the earth’s crust, and many phenomena connected with the 
metamorphism of rocks, the growth of concretions, and the formation 
of mineral deposits are difficult of explanation under any other hypothe- 
sis than that growing crystals have made room for themselves by exerting 
pressure on the surrounding material. 


1Lavalle, J., Paris, C.-R. Acad. Sci., 36, 1853, (493). 

2 Kopp, H., Ann. Chem. Pharm., Leipzig, 94, 1855, (124). 

’Lehmann, O., Molekularphysik, 1, (342), Leipzig, 1888. 

4 Becker, G. F., and Day, A. L., Proc. Washington Acad. Sci., 7, 1905, (285-287). 

5 Bruhns, W., and Mecklenburg, W., Jahresber. Niedersdchs. geol. Ver. Hanover, 6, 1913, 
(22-115). 

- Becker, G. F., and Day, A. L., Chicago, J. Geol., Univ. Chic., 24, 1916, (315-325). 

7 Taber, S., New Haven, Amer. J. Sci., (Ser. 4), 41, 1916, (535). 

8 Becker, G. F. and Day, A. L., Chicago, J. Geol., Univ. Chic., 24, 1916, (325-329). 

® Tbid., (313). 

- 10Taber, Stephen, The origin of veins of the asbestiform minerals, these Proceedings, 2, 
1916, (662). 

11 According to Traube ammonium nitrate goes into solution with expansion in volume; 
Zs. anorg. Chem., Hamburg, 3, 1892 (1). This reference cited in G. P. Baxter’s Changes in 
volume upon solution in water of the salts of the alkalis, J. Amer. Chem. Soc., Easton, Pa., 
33, 1911, (923). 

12 For description of this experiment see The genesis of asbestos and asbestiform minerals 
by Stephen Taber, Bull. Amer. Inst. Min. Eng. No. 119, p. 1987, Nov. 1916. 
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A NEW METHOD OF TRANSFORMING ESTERS OF a-AMINOACIDS 
INTO THEIR CORRESPONDING ISOTHIOCYANATES 
By Treat B. Johnson and Arthur A. Ticknor 


SHEFFIELD SCIENTIFIC SCHOOL, YALE UNIVERSITY 
Communicated by L. B. Mendel, February 28, 1917 


In a previous paper from this laboratory,' the writer called attention 
to the chemistry of polyketide mustard oils of the type C.H;0O0C.CHR. 
NCS, and indicated the need of a practical method for preparing such 
combinations in quantity for synthetical work. This problem was un- 
dertaken by us and a method of synthesis was developed whereby iso- 
thiocyanates of the above type can be prepared directly from esters of 
a-aminoacids by subjecting the latter to the action of thiophosgene in 
dry toluene solution. For example, ethyl aminoacetate, in the from of 
its hydrochloric acid salt, interacts smoothly with thiophosgene in boil- 
ing toluene giving an excellent yield of the corresponding mustard oil— 
ethyl isothiocyanacetate. The transformation is expressed by the fol- 
lowing equation: This reaction 


CSCI, + HCl.NH;CH,COOC;H; = 3HCl + SCN.CH:COOC,H,, 


has now been applied successfully in other cases and the results obtained 
will be published later in the Journal of the American Chemical Society. 

While the above method of synthesis offers no difficulty so far as ma- 
nipulation is concerned, it does involve in its application, however, the 
used of thiophosgene, which is an unpleasant reagent to work with and 
requires much time to prepare in quantity. We have now developed a 
method of operation whereby we are able to convert esters of a-amino- 
acids into their corresponding isothiocyanates without the use of this 
disagreeable reagent. In this preliminary note we record the principle 
of this method and its application for the preparation of ethyl isothio- 
cyanacetate. 

Emil Fischer? has shown that the ethylester of glycocoll interacts 
quantitatively with carbon-bisulphide in ether solution to form the 
dithiocarbamic acid salt represented by Formula I. The reaction is 
expressed by the following equation: 


CS: + 2NH:CH:COOC;H, = NH.CH;COOC;H; 


| 
CSSH.NH:CH:COOGH;. (1) 





As far as we are aware, this is the only ester of an a-aminoacid that has 
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been coupled with carbon-bisulphide in this manner. Fischer attempted 
to convert this salt into ethyl isothiocyanacetate by digestion in aqueous 
solution with silver and mercury salts (Hoffmann’s mustard oil reaction). 
He found that it underwent decomposition by such treatment giving 
solutions having the odor of a mustard oil, but ethyl isothiocyanacetate 
was not isolated by him. 

We now find that this dithio carbamic acid salt I of Fischer’s can be 
transformed easily and almost quantitatively into ethyl isothiocyanace- 
tate by application of an unique reaction discovered by Andreasch.* 
This investigator has shown that simple amine salts of the above type 
interact with ethyl chloroformate at ordinary temperature giving 
smoothly isothiocyanates with evolution of carbonoxysulphide and ethyl- 
alcohol. The reaction is expressed by the following general equation: 


R.NH.CSSH.NH:R. + ClICOOC:H; = RNCS + COS + C:H;OH + 
R.NH:2.HCl 


Fischer’s glycocoll-dithiocarbamic acid salt I also interacts with ethyl- 
chloroformate according to the above expression giving an intermediate 
thiolester having the Formula II. Therefore the first phase of this trans- 
formation may be expressed by the following equation: 


NHCH-COOC.H; 

| 

CSSH.NH:.CH.COOC;H; + Cl.COOC:H; = 
(Fischer’s Salt) 

NH.CH:COOC.H; + C:H;OOC.CH:NH:.HC1 


| 
CSS.COOC:Hs (1) 


This thiolester displays greater stability than combinations of this type, 
which have hitherto been described. Below 100° the ester II is quite 
stable. If heated above this temperature in a vacuum, it undergoes a 
smootlidecomposition. Carbonoxysulphide is copiously evolved together 
with alcohol, and nearly a theoretical yield of ethyl isothiocyanacetate 
is produced. The mustard oil agrees in all its properties with the iso- 
thiocyanate prepared by the thiophosgene method, and boils at 102—104° 
at 10 mm. pressure. The second phase of this interesting reaction is 
expressed by the following equation: 


NH-CH:COOC;:H; 
| — COS + C:H,OH + SCN-CH:COOC:H; 
CSS-COOC:Hs 
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Starting with 35 grams of ethyl aminoacetate we recovered practically 
one-half of the aminoacid ester in the form of its hydrochloride, and ob- 
tained 19 grams of the isothiocyanacetate. This reaction is being investi- 
gated further and will be applied for the preparation of other new types 
of polyketide mustard oils. If this method of synthesis finds as wide an 
application as we anticipate, it will enable us to obtain several isothio- 
cyanates of new types, which should be of great biochemical interest. 


1Johnson and Hemingway, J. Amer. Chem. Soc., Easton, Pa., 38, 1916 (1550). 
2Fischer, E., Berlin, Ber. D. Chem. Ges., 34, 1901 (441). 
3 Andreasch, Wien, Monatshefte Chem., 27, 1906 (1211). 


THE GEOLOGY OF THE FIJI ISLANDS 


By Wilbur G. Foye 


DEPARTMENT OF GEOLOGY, MIDDLEBURY COLLEGE, MIDDLEBURY, VERMONT 
Communicated by W. M. Davis, February 28, 1917 


The period between July, 1915 and March, 1916 I spent as a Sheldon 
Travelling Fellow of Harvard University, in a study of the geology of 
the Fiji Islands. Special attention was given to the structure and rela- 
tions of the elevated limestones. Of the larger islands, Viti Levu, Vanua 
Levu, Taviuni, Kandavu, Mbengha, and Ovalau were visited. Three 
islands of the Yasawa group and eighteen of the Lau group were like- 
wise studied. The following paper records the principal facts concern- 
ing the geology of the major divisions of the group. 

1. Viti Levu.—Viti Levu is the southern of the two larger islands of 
Fiji. It is 94 miles long from east to west and 55 miles broad. The 
southeastern side of the island and a large portion of the eastern and 
northeastern sides are low delta flats overgrown with mangrove bushes. 
The flats merge into a young, narrow coastal plain which extends 5 to 
10 miles inland, where it meets an uplifted coastal plain of soft marls, 
now carved into mature hills, 70 to 100 feet in height. The older plain 
slopes gradually upward for 5 or 6 miles from its edge, until it rests un- 
conformably on the interior, volcanic hills at heights of 600 to 700 feet. 
Elsewhere the volcanic hills approach the shore and form the coast- 
line for the greater part of the circumference of the island. 

The whole interior of the island is characterized by maturely dis- 
sected insequent hills, though quite extensive flats are sometimes found 
near the rivers. The rocks forming the interior hills are frequently 
sandstones and marls in contrast to the volcanic rocks of the coast. 
The western and northern shores of the island are very irregular. 
Drowned valleys abound and many are so filled with delta deposits that 
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even small boats find difficulty in entering the river-mouths through 
the tangle of mangrove bushes. 

The geological history of the island is more complex than has been 
previously stated.! From a hasty survey of the interior of the island 
I inferred that an old land of slates and red sandstones was intruded by 
a batholithic mass which solidified as gabbro, diorite and granite. The 
mountain block thus formed was deeply eroded and the igneous rocks 
were exposed. Volcanoes then burst forth and a series of andesitic and 
rhyolitic flows were poured out over the eroded surface. 

The aggrading flows were later deeply eroded and submerged. A 
coraliferous conglomerate was laid down on the submerged surface and, 
during a period of oscillatory movements, several hundred feet of marl 
and claystones with occasional thin seams of coal were deposited. This 
period was followed by one of more decided submergence, during which 
approximately 150 feet of coraliferous limestones was laid down. The 
entire series will be spoken of, for reasons which will appear in the fol- 
lowing paragraph, as the ‘folded sediments.’ 

Compressive stresses were then developed in this portion of the earth’s 
crust. The limestones and older rocks were uplifted and sharply folded 
along lines running in general N. N. W. by S.S.E. The folding was so 
intense that the limestones were occasionally transformed to marble. 
A period of faulting and volcanism followed during which the island 
assumed somewhat of its present form, and a series of volcanic hills were 
built up near the coast. Erosion and submergence then allowed marls 
and interbedded coraliferous limestones to be laid down uncomformably 
as a thin veneer about the edge of the island. These sediments will be 
spoken of as the ‘coastal series.’ 

Again the island was differentially uplifted. The wide lagoon extend- 
ing northwest toward the Yasawa islands was initiated by tilting in that 
direction and, at the same time, the coastal plain at the eastern side of 
the island was elevated. During the latter part of the epoch, volcanic 
rocks were injected into the coastal series and the Yasawa islands were 
built up. Recent differential movements have uplifted the southwestern 
shore of Viti Levu and at the same time depressed the Yasawa islands. 
In general the present coral reefs are developing on platforms which 
originated during the deposition of the coastal series. 

2. Vanua Levu.—Vanua Levu, the northern of the two larger islands 
of Fiji, is 104 miles long from east to west and 20 to 25 miles in width. 
The eastern portion of the island is split by a long, narrow bay extend- 
ing inland from northeast to southwest for 50 miles. To the eastern 
peninsula, thus formed, are appended several peninsulas which jut 
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out to the eastward. The whole circumference of the inland is marked 
by pocket harbors and jutting headlands. 

Along the southern and eastern sides of the island a rough country of 
volcanic hills extends 6 or 8 miles inland. The principal divides are 
found in these hills. The larger rivers run north and northwest across 
elevated plains 200 to 300 feet high before forming flood-plains along 
the northern coast. 

The geological history of the island is not so complex as that of Viti 
Levu. The fundamental rocks of the island are not exposed, to the 
writer’s knowledge. Their character is, therefore, problematic. Into 
these rocks were intruded batholithic masses which solidified to form 
gabbro. The old land was then greatly eroded and the plutonic rocks 
were exposed. Later the island subsided. During the erosion and sub- 
sidence volcanic intrusions mantled the irregular land surface uncon- 
formably with a cover of acid andesites and rhyolites. 

The island remained submerged throughout the period of sedimenta- 
tion and folding in which the folded sediments of Viti Levu were devel- 
oped. Submarine volcanoes were active and 2000 to 3000 feet of 
ash and agglomerate, largely composed of hypersthene andesite, were 
conformably laid down on the submerged surface. At the time of the 
uplift of the coastal series of Vitu Levu, Vanua Levu was elevated into 
an island form, The movements. were accompanied by faulting and 
tilting and have continued to the present. 

The period of uplift has been complicated by downward movements 
from time to time which may best be studied near Lambasa on the north- 
ern coast. During a still-stand a local peneplain was developed far into 
the interior which now is found at an elevation of 50 to 200 feet. The 
island was later uplifted and the peneplain just described was carved into 
sub-mature hills near the coast. A period of submergence followed 
during which coraliferous limestones were deposited about the spur-ends 
of the coastal hills. The region was then elevated and the limestones 
are now found from 50 to 100 feet above the sea. A recent submergence 
has allowed volcanic silts, brought down by the rivers, to fill up valleys 
eroded in the limestone. Since the uplift a series of basaltic eruptions 
have scattered their debris over the surface of the island but at a period 
so remote that the basaltic cones are now eroded to sub-maturity. 

Elevated coral reefs are known from but one place along the northern 
coast. They occur at an elevation of 75 feet, just west of Lambasa. 
They are found within the bay separating the main island from the 
eastern peninsula’, but are not known to occur on the peninsula itself. 
Reefs have very recently been elevated along the southeastern coast 
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and are found at an elevation of 75 to 100 feet. So recently have these 
reefs been uplifted that the lagoon flat and outer barrier reef are still 
preserved intact. 

I visited only the eastern and central portions of Vanua Levu. The 
modern fringing reefs are here developing either along the shore-line 
of recently submerged volcanic rocks or on coastal flats formed of the 
fine ash swept from the elevated hills of submarine tuffs. The most 
recent movements have been differential and while uplift has taken 
place at the southeastern side of the island, subsidence has occurred to 
the east and north. The modern barrier reefs occur where subsidence 
has taken place either due to tilting or faulting during uplift. 

3. The Lau Islands—-The Lau Islands lie east of the larger islands 
of Fiji and are scattered over 300 miles of the ocean floor from the 16th 
to the 20th parallel of south latitude and from the 178th to the 179th 
meridian of west longitude. There are from 40 to 50 islands ranging 
in size from a half a mile to 20 miles in length. The islands may be 
grouped empirically in three classes. 

1. Islands composed of volcanic rocks and limestone. 

2. Islands composed of limestone alone. 

3. Islands composed of volcanic rocks alone. 

The volcanic islands usually have a number of separate peaks rising 
to altitudes of 600 to 900 feet, whereas the islands composed of lime- 
stone rise to nearly a constant level about their edges but are often de- 
pressed toward their center. 

The limnestone is always coraliferous and is raised to a maximum ele- 
vation of 1030 feet in the island of Vatu Vara. In every case studied 
the limestone rests unconformably on a basement of eroded volcanic 
rocks, indicating subsidence. Certain of the elevated limestones have 
the atoll or barrier reef form and the inference is drawn, as no uncon- 
formities are found within the limestone, that the elevated atolls were 
formed during the subsidence of the underlying volcanic surface. 

The corals included in the elevated limestones are Pleistocene or 
Recent in age according to the determination of Dr. T. W. Vaughan. 

Many of the elevate! limestone islands have been greatly reduced 
in size by atmospheric solution. Occasionally, as in the cases of Ful- 
anga and Ongea, sea-level flats have developed. In most of the islands 
the flats have been submerged and the residual masses of limestone 
dotting the flats have formed undercut islets scattered over a lagoon 
10 to 15 fathoms in depth. I believe the submergence is due to actual 
subsidence since it is more recent than the return of the waters to the 
ocean after the Glacial epoch, and since Pleistocene wave erosion would 
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have destroyed the fragile undercut islets if the lagoon floors from which 
they rise were fashioned by this agency. 

The islands originated about the middle of the Tertiary period dur- 
ing the extrusion of the lavas of the second andesitic period of Viti 
Levu. The volcanoes thus formed were maturely eroded and subsided. 
Four or five hundred feet of coraliferous limestone were deposited un- 
conformably on the subsiding surfaces and were later elevated. A 
second period of erosion followed and again basaltic volcanoes built 
cones on the surfaces of the eroded limestone. Within quite recent 
times the islands have subsided 50 to 90 feet and the modern coral reefs 
are developing on the eroded and submerged platforms. 

4. Summary of the Theoretical Results of the Expedition—My views 
concerning the origin of the barrier reefs and atolls of Fijimay be sum- 
marized as follows:— 

1. The elevated reefs were deposited in all known cases unconform- 
ably on eroded surfaces of volcanic rocks. Atolls and barrier reefs were 
among the forms developed during this period of subsidence. 

2. Many atolls and barrier reefs are now developing on platforms of 
elevated limestone which have been eroded to fairly even surfaces by 
atmospheric solution and later submerged. 

3. Of the several theories concerning the origin of barrier reefs and 
atolls only Darwin’s theory postulates a subsiding surface eroded above 
sea-level. But this theory is firmly based on the conception of pro- 
gressive, though intermittent, subsidence of large segments of the earth’s 
crust. If such subsidence is conceived to have begun in the early Ter- 
tiary period, the writer is convinced that it characterized the larger 
part of the Tertiary and Pleistocene periods in which the elevated lime- 
stones of Fiji developed. But since the Pleistocene period the algebraic 
sum of the movements has been positive and uplift has resulted, al- 
though the sum, if reckoned from the early Tertiary, is negative and 
the ultimate result has been subsidence. The present reefs are, however, 
dependent upon the Pleistocene and Recent movements for their form. 
Such movements have been progressively upward with only minor 
periods of subsidence. They are also local in their effect and are de- 
pendent undoubtedly on volcanic activity, in part due to the transfer 
of material from the inner to the outer portions of the earth’s crust, and 
in part to the secular cooling and consolidation of the extruded lavas.* 
Hence it cannot be said that the modern reefs of Fiji fully support 
Darwin’s theory. 

4. The data assembled by Daly‘ and Vaughan‘ convince the writer that 
Pleistocene platforms exist very .generally throughout the coral seas. 
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Yet while this is true, the platforms in Fiji are post-Pleistocene in their 
development. The writer was unable to discover any evidence of 
Pleistocene wave-cut platforms. 

‘ Woolnough, W. G., Sydney, Proc. Linn. Soc. N. S. Wales, 32, 1907 (431-474). 

2 Guppy, H. B., Observations of a Naturalist in the Pacific, vol. 1, Macmillan, 1903. 

3 Gerland, G., Beitr. Geophys., Leipzig, 2, 1895, (56). 

‘Daly, R. A., Boston, Proc. Am. Acad. Arts Sci., 51, 1915, (157-251), p. 232. 

5 Vaughan, T. W., Washington, J. Acad. Sci., 6, 1916, (53-66). 


DOMINANCE OF LINKED FACTORS AS A MEANS OF 
ACCOUNTING FOR HETEROSIS 


By Donald F. Jones 


BUSSEY INSTITUTION, HARVARD UNIVERSITY! 
Communicated by W. M. Wheeler, February 26, 1917 


The increase of growth derived from crossing in both animals and 
plants, which has been called heterosis, and the converse fact of decreased 
vigor resulting from inbreeding have been known for a long time but 
have never been satisfactorily accounted for. 

The investigations of East,? G. H. Shull’ and Hayes‘ show that in- 
breeding does not result in a continuous degeneration but that the ef- 
fects of inbreeding gradually become less as complete homozygosis is 
approached and for all practical purposes finally become constant. Un- 
like strains are isolated which differ in the amount of growth they pro- 
duce. In many species these homozygous strains are always less vigor- 
ous than either parent. The decrease in vigor due to inbreeding has 
been shown to be correlated approximately with the decrease in the 
number of heterozygous factors present but without showing why there 
should be such a relation. It was simply stated that “‘greater develop- 
mental energy is evolved when the mate to an allelomorphic -pair is 
lacking than when both are present in the zygote.’’ 

The conception of dominance as proposed by Keeble and Pellew* 
as a means of accounting for these facts has had two serious objections. 
If heterosis were due to dominance of characters it was thought possible 
to recombine in generations subsequent to the F; all of the dominant 
characters in some individuals and all the recessive characters in others 
in a homozygous condition. Such homozygous individuals could not 
be changed by inbreeding. Moreover, if dominance were concerned it 
was considered that the F, would have an asymmetrical distribution. 

Both of the above objections to dominance have failed to take into 
consideration the facts of linkage. If the factors which govern an or- 
ganism’s development are distributed in all the chromosomes and passed 
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from one generation to another in groups it would be practically impos- 
sible to recombine all the dominant characters in one individual and 
all the recessive in another. Hence the failure to obtain both the com- 
plete dominants and complete recessives which would breed true is ac- 
counted for. This view of the situation also explains why symmetrical 
distributions are obtained in F,. The development of each individual 
is assumed to be correlated with the number of different factors present. 
The individual with the greatest number of heterozygous chromosomes 
would have the greatest number of different factors present if the factors 
were distributed among all the chromosomes. The theoretical distri- 
bution of the F, individuals according to the number of heterozygous 
chromosomes contained is in the ratio of the expanded binomial (a+<)*. 
The expanded binomial is often used as an illustration of a normal fre- 
uency distribution. 

To account for the increase in growth in F; it is necessary to have the 
favorable characters for the most part dominant over the unfavorable 
ones. This seems probable from the numerous cases of abnormalitites 
which are recessive to the normal condition. It is not necessary that 
there should be perfect dominance. It is necessary, however, to accept 
the conclusion that many factors in the In condition have more than one 
half the effect that they have in the 2n condition. 

Inbred strains of maize have been obtained by inbreeding which either 
lack chlorophyll entirely or are partially deficient in chlorophyll. Some 
strains are partially sterile. Some have fasciated ears. Some are sus- 
ceptible to a bacterial wilt disease. Some have contorted stems and 
still others have brace roots so poorly developed that they can not stand 
upright when the plants become heavy. Similar instances can be cited 
in many naturally cross pollinated species. Some of the strains may 
have more than one of these unfavorable characters. No one strain so 
far known has them all. 

Crossing these strains together gives perfectly normal F; plants. They 
are able to grow better than their parents because the characters. neces- 
sary for maximum development that one strain lacks are supplied by 
the other and conversely. This increased growth is heterosis. 

Dominance of characters gives a reason why heterozygosis should 
cause the F; generation to grow more than the parents and not less. 
According to previous views it would have been just as reasonable to 
suppose that hybridization had a depressing or an indifferent rather than 
a stimulating effect. It also makes it easier to understand why hetero- 
zygosis should operate throughout the life of the individual even through 
innumerable generations of vegetative propagation. 
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This conception of dominance of linked factors to account for the facts 
as so far known does not preclude the possibility of a physiological effect 
resulting from hybridization apart from hereditary factors if such an 
effect can be demonstrated. It simply coérdinates the existing knowl- 
edge of heredity to give a comprehensible view of the way in which 
heterosis may be brought about. 

1 Contribution from the Connecticut Agricultural Experiment Station and the Bussey 
Institution of Harvard University. 

? East, E. M., Connecticut Agric. Exp. Sta. Rep., 1907, 1908, (419-428); Amer. Nat., Lan- 
caster, Pa., 43, 1909, (173-181). 

* Shull, G. H., Amer. Breeders Assoc. Rep. 4, 1908, (296-301); Amer. Nat., Lancaster, 
Pa., 45, 1911, (234-252). 

* East, E. M., and Hayes, H. K., U. S. Dept. Agric., Bur. Plant Ind. Bull. No. 243, 1912. 

5 Keeble, F., and Pellew, C., J. Genetics, Cambridge, 1, 1910, (47-56). 


CHEMICALLY INDUCED CROWNGALLS 
By Erwin F. Smith 


UNITED STATES DEPARTMENT OF AGRICULTURE 
Communicated, January 26, 1917 


In 1911 in Bulletin 213 on “Crown Gall of Plants: its Cause and 
Remedy” (Bureau of Plant Industry, U. S. Dept. of Agric.) I expressed 
the conviction that while the disease was clearly due to Bacterium tume- 
faciens we would eventually be able to go a step farther (I.c., p. 175) 
and determine just what by-products of the organism were the direct 
cause of the over-growth. With this end in view, on several occasions 
I prepared flask cultures of the organism for use of the chemist of the 
Department and with substances said by him to be present in the cul- 
ture flasks and absent from the controls I have recently made ex- 
periments which tend to confirm my earlier supposition and expectation. 

It is not maintained for a moment that these are the only substances 
that are able to cause overgrowths in plants but only that they are the 
most interesting ones in that they are the products of a cancer parasite, 
or, if one prefers so to express it, of a schizomycete which is the cause 
of a plant tumor possessing many features in common with animal 
cancers. 

The substances produced by Bacterium tumefaciens in very simple 
culture media, i.e., in flasks of distilled water containing 1% dextrose 
and 1% peptone with a little calcium carbonate added to neutralize 
any acids formed and thus to favor long continued growth since the 
crown gall organism is very sensitive to its own acid products, are—alde- 
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hyd, ammonia, amines, alcohol, acetone, acetic acid and formic acid, to 
which I think I may add traces of COs. 

These substances, it will be observed, are, for the most part, just 
those compounds which Jacques Loeb and others have observed to be 
the most efficient in starting growth in unfertilized eggs of the sea urchin, 
to wit ammonia, amines and fatty acids (vide Loeb: Artificial Parthen- 
ogenesis and Fertilization. The University of Chicago Press, 1913). 
Their action in all probability is purely physical, that is, due to with- 
drawal of water from neighboring cells by increase of osmotic pressures 
whereupon the cells so acted upon begin to grow, at least it is possible 
to obtain the same phenomenon in plants with a great variety of sub- 
stances, not the product of parasites and not likely to come into con- 
tact naturally with the growing tissues. 

Thus far I have made no experiments with aldehyd or formic acid 
and have only just begun to experiment with acetone, but experiment- 
ing with the other substances named I have obtained from young tissues 
a prompt response in the form of over-growths. At first I used water 
dilutions of these substances painted on or injected, but eventually I 
used their vapors with marked success. The ethyl alcohol, however, 
was used mixed with acetic acid, and I do not yet know its unmixed 
effect. These experiments have been made on several kinds of 
plants subject to crowngall, especially on Ricinus, cauliflower and 
Lycopersicum. 

The tumors obtained have been small because only a single applica- 
tion was made and consequently the stimulus was soon exhausted, but 
there is no reason to doubt that a continued application of these sub- 
stances in high dilution, after the manner of the parasite itself, would 
result in tumors essentially like those occurring naturally in crowngall, 
or resulting from our bacterial inoculations. 

These tumors are either vascularized hyperplasias, mixed hypertrophy 
and hyperplasia, or simple hypertrophies. In them the cells are much 
more closely compacted than the parent cells and free from chlorophyll. 
The cells of the hypertrophies are frequently a hundred times the 
volume of the cells from which they have originated. In the acetic 
alcohol tumors there has been a great increase in the number of the 
cells, i.e., the development of a true hyperplasia, while in the hyper- 
trophies the component cells appear to be the original cells greatly 
enlarged. 

Curious vascular displacements and duplications have also been ob- 














314 MATHEMATICS: G. D. BIRKHOFF 


tained including in one instance an entire extra vascular cylinder in the 
pith of Ricinus. 

A fuller account accompanied by photographs and photomicrographs 
will be published in the Journal of Agricultural Research. 


[Since this was written I have also obtained small overgrowths on 
cauliflower leaves with both formaldehyde and formic acid but not 
with vapor of ethyl alcohol or of acetone. E. F. S.] 


DYNAMICAL SYSTEMS WITH TWO DEGREES OF FREEDOM 


By George D. Birkhoff 


DEPARTMENT OF MATHEMATICS, HARVARD UNIVERSITY 
Communicated by E. H. Moore, March 12, 1917 


The present note contains a brief summary of a paper with the same 
title which is about to appear in the Transactions of the American Mathe- 
matical Society. 

The equations of motion of the dynamical system under considera- 
tion are taken in the variational form due to Lagrange 


d d 
a le ~ 2 =9, a Ly ~ y=, 


where x, y represent the two codrdinates of the system and where L is 
a quadratic function of their time derivatives x’,y’. By an appropriate 
change of variables the principal function L is reduced to 


L = 3 (x? + 9”) + ax’ + By’ + 7, 
and the equations of motion then take the simple form 
x” + dy’ = Vx yy” ‘is a’ = Yy (r . Bz); 


involving only the two arbitrary functions \, y, of x, y. In the reversible 
case, i.e., the case when linear terms are lacking in L, we have \ = 0. 
The normal form just written is known in this special case, but is new 
in the general case so far as I have been able to determine. Any con- 
forma] transformation of the variables x, y joined with the correspond- 
ing transformation of ¢ leaves this normal form unaltered. 

By means of the transformation theory thus obtained it is established 
that a necessary condition for the existence of an integral linear in x’, +’ 
is that the curves \/y = const. form an isothermal family in the x, y-plane 
When this condition is satisfied suppose the particular transformation 
of the variables x, y to be made which takes the isothermal family into 
the family y = const.; if and only if a linear integral exists will the 
resulting functions \, y become functions of y alone; and in this case 
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the equations of motion can be directly integrated. As a second appli- 
cation of the transformation theory the equations of displacement are 
derived. 

For reversible problems it is known that the equations of motion can 
always be interpreted as those of a particle constrained to move on a 
fixed smooth surface. In the irreversible case I have been able to show 
that x, y may be regarded as the codrdinates of a particle constrained 
to move in a smooth surface which rotates uniformly about a fixed axis 
and carries with it a conservative field of force. 

Among all types of orbits the most fundamentally important are those 
which are periodic. 

The existence of periodic orbits is intuitively evident in the reversible 
case, when the orbits may be looked upon as geodesics. If proper re- 
strictions are imposed a closed geodesic will exist along which the arc 
length is a minimum, and this geodesic will correspond to a periodic 
orbit of minimum type. Orbits of minimum type may also be derived 
by means of an interesting criterion for the reversible case due to Whit- 
taker! first rigorously established by Signorini.? Notwithstanding the 
fact that the integral analogous to arc length may change sign in the 
irreversible case Whittaker stated the direct formal extension of his 
criterion for this case. I have established that such an extension is 
legitimate if \ is of one sign, but not otherwise. This restriction on 
is fulfilled in the restricted problem of three bodies. 

Unfortunately, as Poincaré pointed out, only unstable periodic orbits 

can be of minimum type. 
* Another method may be employed to find a large class of stable pe. 
riodic orbits which I call of minimax type. This entirely new method 
may be stated in a special case as follows: There is a minimum length 
of string, constrained to lie in a given surface of genus 0, which may be 
slipped over that surface. In some intermediate position the string 
will be taut and will then coincide with a closed geodesic. 

Poincaré has proved that a closed geodesic exists on any convex sur- 
face by an entirely different method. 

A third method for the discovery of periodic orbits is that of analytic 
continuation. Hitherto the application of this method has been limited 
by the restriction that the variation of the parameter involved be ‘suf- 
ficiently small.’ This restriction turns out to be unnecessary in the 
reversible case if the orbits near any orbit always intersect it. If the 
conditions , 

A>O, y>0, A (log y) >0 


hold in the irreversible case the restriction is also unnecessary. 
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An application of periodic orbits which is fundamental lies in the 
construction of surfaces of section. The existence of a ring-shaped 
surface of this sort was noted by Poincaré in the restricted problem 
of three bodies and allied dynamical problems. The results of my 
paper show that such surfaces exist in a wide variety of cases and may 
be of any genus and possess any number of boundaries. By means of 
a surface of section the dynamical problem reduces to a one-to-one 
analytic area-preserving transformation of the surface of section into 
itself. 

Periodic orbits correspond to invariant points of this transformation. 
Consequently the discovery of further periodic orbits hinges upon: the 
proof of the existence of such invariant points. Two theorems con- 
cerning such points are proved by me. 

The first of these theorems is the following: If a surface of genus p 
admits of a one-to-one analytic transformation into itself which may 
be looked upon as obtained by a deformation then the excess of com- 
pletely unstable invariant points over all other types of invariant points 
is precisely 2p — 2. 

If the transformation is merely restricted to be continuous the same 
argument shows that there exists at least one invariant point for p+1. 
For the case » = 0 this last result constitutes a well-known theorem 
due to Brouwer.’ 

The dynamical application of the result for the analytic case is to a 
fundamental equality obtaining between the various types of periodic 
orbits. 

The second theorem is the following: If the region outside of a circle 
in the plane is transformed into itself in such a way that points on the 
circumference are advanced in one sense, so that points distant from the 
center are regressed by more than a fixed positive angle about the center, 
and so that areas are preserved, then at least two points are left in- 
variant by the transformation. This theorem is to be regarded as the 
extension of a theorem stated by Poincaré and proved by me.‘ 

These two related theorems are used to prove that infinitely many 
periodic orbits exist whenever a surface of section is at hand. 


‘Whittaker, Analytical Dynamics, pp. 376-384, Cambridge, 1904. 
2Signorini, Palermo, Rend. Circ. Mat., 33, 1912, (187-193). 

’ Brouwer, Math. Ann., Leipzig, 69, 1910, (176-180). 

4 Birkhoff, Trans. Amer. Math. Soc., New York, 14, 1913, (14-22). 
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